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PREFACE TO THE 



E contents of tins little book are to a great extent a 
transcript ofthe notes ofmy course of lectures on inorganic 
chemistry delivered at the Royal College of Chemistry; 
these notes having been considerably amplified only in 
the eai'lier chapters, on nomenclature, notation, and tlie 
atomicity of clernents. 

These notes were originally published in one vohime, 
but at tlie request of numerous readers 1 have now divided 
them into two, of which the present, on inorganic chemistry, 
Lis the first. The second volume, on organic chemistry, 
K* neai'ly ready for the press, and will shoi-tly be published. 
» To render the ivork aa concise as possible, aJl formal 
description of the properties of the bodies treated of has 
been, for the moat part, entirely omitted. Such a descrip- 
tion (which is moreover easily accessible elsewhere) would, 
even if brief, have swollen the book to more than double its 
present size. For the same reason I have been compelled 
to treat the metaUie elements in a manner which will 
doubtless seem, to many, unworthy of their importance ; 
but their number is so great, that any attempt to give 
more than the names and formula! of their chief com- 
pounds woidd have extended the work far beyond its 
BBent limits. My aim has been to classify and syste- 
ijse rather than to describe, and I have endeavoui'ed to 
a2 



IV PREFACE. 

furnisli the student with a kind of skeleton of the science, 
which it is intended he should himself clothe with the 
already known and daily increasing facts of experimental 
research. To aid him in this, he has the choice of nu- 
merous standard treatises, aimongst which may be men- 
tioned Watts^s ^Dictionary of Chemistry/ Gmelin^s ^ Hand- 
book of Chemistry/ MiUer^s ^ Elements of Chemistry/ 
' Gerhardt's ^ Traite de Chimie Organique/ ^ Traite de 
Chimie Generale* by Pelouze and Fremy, Kolbe^s 
^Lehrbuch der organischen Chemie,^ and Kekule's 
' Lehrbuch der organischen Chemie/ 

I have often noticed with regret the great amount of 
labour which an earnest student expends in noting down 
the reactions and the names and formulae of substances 
which are presented to his notice in the lecture-theatre. 
He is thus greatly interrupted in following the arguments 
and explanations of the speaker, and he often loses more 
important generalizations in securing a record of details. 
One of my chief objects in the preparation of this book 
has been to relieve him firom such distractions. For this 
purpose a very full list of names and formulae are given, 
and a comparatively large amount of space is devoted 
to equations expressing the reactions occurring in the for- 
mation and decomposition of the substances treated of. 

The graphic notation of Crum Brown which was adopted 
in the former edition to illustrate important constitutional 
formulae has been somewhat modified in the present, by the 
omission of the circles surrounding the symbols of elements. 
These circles appeared likely to render the formulae more in- 
telligible to beginners; in practice, however, I find that even 
young students prefer to draw the formulae without the 



tclea, hence there is no reason for retaiaing them, 
[oreover, in the mean time, this modified form of graphic 
notation has been adopted by a large proportion of those 
chemists who are engaged in the investigation of phe- 
nomena; indeed such constitutional formula: have become 
almost a necessity to give precision to that hypothetical 
reasoning which ever stimulates to further research. It is 
therefore desirable that the student should use that form 

■^ graphic notation which is most extensively employed. 

■ Graphic notation affords most valuable aid to the 
teacher in rendering intelligible the constitution of chemical 
compounds, especially when it is supplemented by the 
glyptic formnlfe of Hofinanii. The system of symbolic 
notation, which I have explained in Chapter III., is so 
framed as to express the same ideas, of the chemical 
functions of atoms, as the graphic and glyptic formulce, 
with which, therefore, it harmonizes completely; whilst it 
enables the student, if he be so disposed, gradually to 
iapense with the last two forms of constitutional notation. 
I Graphic and glyptic formulie are sometimes objected to, 
1 the ground that students, even when specially warned 
against such an interpretation, will he liable to regard 
them as representations of the actual physical position of 
the atoms of compounds. In practice I have not found 
this evil to arise ; but even if it did occasionally occur, I 
should deprecate it less than ignorance of all notion of 
atomic constitution. 

In conclusion, I have much pleasure in thanking my 
assistant, Mr. Herbert M'^Leod, for his valuable help 

I the preparation of this second edition. Mr. M^Leod 
. devoted much attention to the eonstitutiooal formulae 
L 
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of minerals; and most of the symbolic and graphic ex- 
pressions for these compounds are from his pen. To my 
assistant, Mr. W. Valentin, I am also much indebted for 
aid in the revision of proofs. 

E. F. 



Koyal College of Chemistrj, London, 
April 6, 1870.' 
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CHAPTER I. 



IXTHODUCTOET. 

Defikition. — Chemistry is the science which treats of the 
composition of all kinds of matter, and of those changes in 
composition which result from tlie action, either of different 
kinds of matter upon each other, or of external forces upon 
one and the samo kind of matter. 

Simple axd Compoosd Matteh. — All kinds of matter are 
divided into two great classes, — simple substances, and com- 
pound substances. A simple suhstauce is one out of which it is 
impossible to obtain, by any known process, two or more essen- 
tially different kinds of matter. A compound substance, on the 
other hand, ia one which can be resohed into two or more 
simple Bubatauces. The simple subataneea at present known 
are sixty-two in number, and are termed elements. By the 
combination of these elements with each other, all the infi- 
nitely varied forms of terrestrial matter are produced. 

MonEs OF Chemical Action. — Matter undergoes chemical 
change in five different ways, viz. : — 

let. By the direct combination of elements or compounds 
with each other. 

2ud. By the displacement of one element or group of ele- 
ments in a body by another element or group of elements. 

3rd. By a mutual eschange of elements or groups of elements 
in two or more bodies. 

4t!i. By the rearrangement of the elements or groups of 
elements already contained in a body. 



ATOMS AND MOLECULES. 

5th. By the resolution of a compound into ifa elements, or 
into two or more less comples compounds. 

Aioiac Weight. — Chemiats assign to every elemeut a 
number called its atomic weigU. This number is not fixed 
according to any iuTariable rule, but the following, especially 
the last two, are the chief considerations which serve as guides 
in its determination : — ■ 

1st, The smaOest proportion by weight in which the element 
enters into or is expelled from a chemical compound, — the 
emallest weight of hydrogen so entering or leaving a chemical 
compound being taken as unity. 

2nd. The weight of the element in the solid condition whicli, 
at any given temperature, contains the same amount of lieat 
as seven parts by weight of solid lithium at the same tem- 
perature. 

3rd. The weight of the element which, in the form of gas 
or vapour, occupies, under like conditions of temperature and 
pressure, the same volume as one part by weight of hydrogen. 

The atomic weight of a compound is the sum of the atomic 
weights of its etemcnta. 

The atomic weights of the elements are given in the Table 
at page C. 

Atoms ahd Molbcuieb. — The proportional amount of any 
element represented by its atomic weight, as above described, 
is commonly called an atom of that element. 

Wben an clement ia isolated, or separated from every other 
kind of matter, its atons still exist, except in a few cases, in 
combination with each other. In many instances the atoms of 
isolated elements are associated in pairs when thus combined. 
Such an isolated atom or group of atoms constitutes an elemen- 
tary molecule. 

The bulk of a molecule, or the molecular volume of an ele- 
ment in the gaseous or vaporous condition, is the same as the 
molecular volume of hydrogen at the same temperature 
pressure, and the molecular weight of an element is in a large 
aumbcr of cases twice ita own ntomic weight. 






MOLECULAR VOLUME. 



The followiug is a list of those elements whose molecular 
volumes have been determined. 





Molecules 


containing of the element 




One atom. 


Two atoms. 


Three atoms. 


Four atoms. 


Six atoms. 


Ifonatomie 


Diatomic 


Triatomio 


Teiratomic 


JSexatomic 


Mt^eculeg. 


Molecules. 


Molecules. 


Molecules. 


Molecules. 


Mercury. 


Hydrogen. 


Oxygen (as 


Phosphorus. 


Sulphur. 


Cadmium. 


Oxygen. 
Chlorine. 


Ozone). 


Arsenic. 




Zinc. 










Bromine. 










Iodine. 










Fluorine. 










Nitrogen. 










Sulphur. 










Selenium. 









It will be perceived from the above Table that an element 
may have two distinct molecular weights. This is known to 
be the case with oxygen and sulphur. 

The molecular weight of a compound is, with very few excep- 
tions, identical with its atomic weight. The molecular volume 
or the space occupied by the combining proportion of a com- 
pound is, with very few exceptions, equal to that occupied 
by two combining proportions, or one molecule, of hydrogen. 
Hence the law — equal volvmes of all gases and vapours contain, at 
the same temperature and jpressure, an equal number of molecules. 

"With very few exceptions, therefore, the molecules of all 
compounds in the gaseous or vaporous condition, no matter 
how great may be the aggregate volume of their constituents, 
occupy, when compared at the same temperature and pressure, 
one uniform volume, which is exactly the same as that filled 
by one molecule of hydrogen. Thus : 

TOL vol. TOlS. 

1 of Hydrc^en +1 of Chlorine form 3 of Hydrochloric acid. 

*" 1 of Hydrogen +1 of Bromine vapour „ 3 of Hydrobromic acid. 

2 of Hydrogen +1 of Sulphur vapour „ 2 of Sulphuretted Hydrogen. 

2 of Hydrogen +1 of Oxygen , 2ofStearo. 

3 of Hydrogen +1 of Nitrogen „ 2 of Ammonia. 

4 of Hydrogen + a; of Carbon vapour „ 2of Marsh-^as. 

6 ©f Hydrogen + 1 of Oxygen + 2a? of Carbon vapour „ 2 of Alcohol vapour. 
12 of Hydrogen + 1 of Oxygen +54r of Carbon vapour „ 2 of Amylio alcohol vapoor. 

b2 



4 POSITIVE AND NEGATIVE ELEMENTS. 

Chemical Affinity. — The force or power which holds to- 
gether the elements of a compound is termed chemical affinity. 

Elements which readily combine with each other, and develop 
much heat on combination, are said to have a powerful aflinity 
for each other. The elements which thus exhibit towards each 
other a great aflBnity are possessed of widely different properties ; 
and when their compounds are decomposed by an electric cur- 
rent, the constituents are evolved at the opposite poles. 
Those elements which, under such circumstances, make their 
appearance at the positive pole are termed electro-negative or 
negative elements, whilst those disengaged at the negative pole 
are called electro-positive ov positive elements. It must be re- 
membered, however, that the difference between these two 
classes is one of degree only ; they insensibly merge into each 
other, since the members of both classes exhibit a graduated 
intensity of the positive or negative quality. Thus potassium 
is more positive than sodium, and oxygen more negative than 
sulphur, whilst mercury is negative to sodium but positive to 
iodine. 

The following eight elements are negative towards the re- 
maining fifty-fouj elements, which are more or less positive : — 



Pluorine. 


Oxygen. 


Chlorine. 


Sulphur. 


Bromine. 


Selenium. 


Iodine. 


Tellurium. 



Although two positive or two negative elements can combine 
together chemically, yet their miion is rarely attended with 
such striking phenomena as are manifested when the combi- 
nation takes place between a positive and a negative element. 
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NAMES OF ELEMENTS. 



CHAPTER II. 



CHEMICAL NOMEKCLATUEE. 

The study of every science necessitates an aequaintauce with 
the Bysteiri of names and peculiar modes of cxpresaion which 
have heeii found most convenient to denote the materials and 
to describe the phenomena which form its objects. Such names 
and modes of expression form the groundwork of the language 
of every science, upon the right employment of which depend 
the precision and accuracy of acieatifie definition. 

The nomenciature of a science ought to be diatinguiahed for 
its clearness and simplicity : but it is by no means easy to 
secure these conditions in a science iilie chemistry, where the 
rapid progress of discovery necessitates the continual addition 
of new and the frequent alteration of old names. The che- 
mical name of a substance should not only identify and indi- 
vidualize that substance, but it should also espresa the compo- 
sition and constitution of the body, if a compound, to which it 
is applied. The first of these conditions is readily attained ; 
hut the second is much more difficult to secure, inasmuch as 
our ideas of the constitution of chemical compounds — the mode 
in which they are huilt up as it were — require frequent modi- 
fication. On this account all attempts to frame a perfectly 
consistent system of chemical nomenchiture have hitherto been 

Ily partially auccesaful. 
It has been already mentioned that the number of elements 
present known is sixty-two. These have received the names 
given in the following Table, in which the twenty-two most 
important elements are distinguished by the largest typo, 
thoae next in importance by medium tppe, whilst the names of 
ciementa which are either of rare occurrence, or of which our 
knowledge is yet very imperfect, are printed in the smallest 
type. 
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CHEMICAL NOMENCIiATTRE. 



Name. 


Sym- 
bol. 


Atomic 
weight. 


Name. 


Sym- 
bol. 


Atomic 
weight. 


ALUlVrTNIUM 

At^timont 

Aesemio 


Al 

Sb 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

D 

F 

a 

Au 

H 

In 

I 

Ir 

Fe 

L 

Pb 

Li 

Mg 

Mn 


27-5 
122 

75 
137 
208 

11 

80 
112 
133 

40 

12 

92 

35-5 

52-5 

58-8 

63-5 

96 

19 

14 

196-7 

1 

74 
127 
198 

56 

92 

207 

7 

24 

55 
200 


Molybdenum . . . 
Nickel 


Mo 

Ni 

Nb 

N 

Os 



Pd 

P 

Pt 

K 

Eh 

Rb 

Ru 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

W 

IJ 

V 

Y 

Zn 

Zr 


92 

58-8 

97-6 

14 
199 

16 
106-5 

31 
197-4 

39 
104 

85-5 
104 

79 

28-5 
108 

23 

87-5 

32 

137-5 
128 
204 
231-5 
118 

50 
184 
120 

51-2 

68 

65 

90 


Niobium 

NITROGEN ... 

Osmium 


Baeium 


Bismuth 

BOEON 


OXYGEN 

Palladium ... 
PHOSPHORUS 

Platinum 

POTASSIUM... 

Rhodium 

Rubidium 

Ruthenium ... 

Selenium 

SILICON 

SILVER 


BROMINE 

Cadmium 

Caesium 


CALCIUM 

CARBON 

Cerium 


CHLORINE ... 

Cheomium . . . 
Cobalt 


COPPER 

Didymium 

PLTJ9RINE ... 

Glucinum 

Q-OLD 


SODIUM 

Steontium ... 

SULPHUR 

Tantalum 

Tellurium 

ThaUium 

Thorium 

Tin 


HYDROGEN... 

Indium 


IODINE 

Ieidium 


IRON 


Titanium 

Tungsten 

Ueanium 

Vanadium 

Yttrium 


Lanthanum ... 
LEAD 


Lithium 


Magnesium ... 
MANGANESE 
MERCURY .. 


ZINC 


Zirconium 



These elementary substances have been long divided into 
two great classes — metals and non-metah^ the latter being also 
sometimes termed metalloids. The metals are by far the more 
numerous, the non-metals comprising only the following thirteen 
elements : — Boron, Bromine, Carbon, Chlorine, Fluorine, Hy- 
drogen, Iodine, Nitrogen, Oxygen, Phosphorus, Selenium, 
Silicon, Sulphur. 
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KAME3 OF ELEMENTS, 7 

The namea of tbe elements can scarcely be said to liave been 
givi^u according to any rule ; many of thoin are derived from 
the moat prominent property of the bodies themeeiveB, whilst 
others have a mythological origin. An attempt haa been 
made to distinguish the metals by the termination urn, as 
potattsium, sodium, Ac. j but the common metale, such as gold, 
copper, iron, &c., aliil retain their original names; and one 
Bubstance, selenium, which at the time of its discorery was 
regarded aa a metal, haa had no chojigo made in ita name, 
although further research has divested it of all metallic attri- 
butes. An important group of electro-negative non-metals^ — 
fluorine, chlorine, bromine, and iodine — have received the termi- 
nation ins; three are distiuguiehed by the terminal syihible on, 
riz. carbon, silicon, and boron ; and three others have jen for 
their final syllable, viz. oxygen, hydrogen, and nitrogen, theao 
last names being derived from Greek words denoting the pro- 
perty poaseaaed by these elementa of generating respectively 
acid, water, and nitre, 

"WTien two elementary bodies unite together, they form a 
chemical compound of the first order, to which the name 
binary compound haa been applied. The namea of these com- 
pounds are formed from those of their constituents, the name 
of the positive constituent or some abbreviation thereof, with 
the terminal ic, preceding that of the negative constituent, 
cbich ia made to terminate in ide, thus : — 



Potassium and Sulphur form Potaaeic sulphide. 
Sodium „ Oxygen „ Sodic oiide. 
Silver „ Chlorine „ Argentic chloride. 

Zinc „ Iodine „ Zincic iodide. 

Calcium „ CUorine „ Calcic chloride. 



But the same elements frequently form with each other two 
eoiupounda, in which caae the one which contains the smaller 
proportion of tbe negative element ia distinguished by changing 
the terminal syllable of tlie name of ita positive constituent 
into oiu, the terminal io being retained for the compoimd con- 



8 CHEMICAL NOMENCLATURE. 

taining the larger proportion of the negative element. Thus, 

One atom of tin and two atoms of chlorine form Stannous chloride. 
One atom of tin and four atoms of chlorine form Stannic chloride. 

Sometimes, however, the same elements form with each other 
more than two compounds. In these cases the prefixes liypo 
dknAper are employed as marks of distinction ; but their use is 
very rarely required. 

If a binary compound contains oxygen, and forms an acid 
when made to unite with water, or a salt when added to a base, 
it is termed an anhydride or anhydrous acid. Thus, 

One atom of carbon and two atoms of oxygen form carbonic anhydride. 
Two atoms of nitrogen and five atoms of oxygen form nitric anhydride. 
Two atoms of nitrogen and three atoms of oxygen form nitrous anhydride. 
One atom of sulphur and three atoms of oxygen form sulphuric anhydride. 
One atom of sulphur and two atoms of oxygen form sulphurous anhydride. 

In the following cases, the systematic names have not dis- 
placed the trivial and irregular names used for the same sub- 
stances : — 

Systematic name. Trivial or irregular name. 

Hydric oxide "Water. 

Hydric sulphide Sulphuretted hydrogen. 

Hydric selenide Seleniuretted hydrogen. 

Hydric teUuride Telluretted hydrogen. 

Hydric chloride Hydrochloric acid. 

Hydric bromide Hydrobromic acid. 

Hydric iodide Hydriodic acid. 

Hy dric fluoride • Hydrofluoric acid, 

Hydric carbide | ^ri'^n'*^'^''* carburetted 

• Hydric nitride Ammonia. 

Hydric phosphide Phosphuretted hydrogen. 

Hydric arsenide Arsenuretted hydrogen, 

Hydric antimonide Antimonuretted hydrogen. 

The term acid was originally applied only to substances pos- 
sessing a sour taste like vinegar ; but analogy has necessitated 
the application of the same name to a large number of com- 
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pounds which have not this property. la the modern accepta- 
tion of the name, an acid may be defined as a compound con- 
taining one or more atoms of liydrogen, which hecomo displaced 
by a metal when tho latter is presented to the compound in the 
form of a hydrate. The hydrogen capable of being so displaced 
may he conveniently termed displaeeahle hydrogen. An acid 
containing one such atom of hydrogen is said to be monobasic, 
two such atoms dUitaic, &c. Acids of a greater basicity than 

Iity aro frequently termed _po/i/ias(C acids. 
XiuiB nitric acid gives, with 8odic hydrate, Bodic nitrate : 
NO,H + ONaH = NO.Na + OH,. 
Kitrio uid. Sodii^ hjilrBlt. Bodic nitrate. Wnter. 

Sulphuric acid gives, with potasaic hydrate, potaasic sulphate: 
SO.H, + 20KH = SO,K, + 20H,: 
SnlpbnrfoBda. FotMBio hyarato. Fotnssi a Sulphate, Waler. 

and hydrochloric acid gives, with potaseic hydrate, potassie 
chloride : 

HCl + OKH = KCl + OH,. 

Hydrochloric Polarwii^ Pot4i-«ic Wutct, 

add. hrdiate. >.'hlorid^'. 

When an acid contains osygen, ita name ia generally formed 
by adding the terminal ie either to the name of the element 
with which the oxygen is united, or to an abbreviation of that 
name; thus sulphur forms, with oxygen, sulphuric acid; nitro- 
gen, nitric acid ; and phosphorus, phosphoric acid. But it 
frequently happens that the same element forms two acids 
with oxygen ; and when this occurs, the acid containing the 
larger amount of oxygen receives the terminal syllable ic, 
whilst that containing less oxygen is made to end in ous. 
Thus we have sulphurous acid, nitrous acid, and phosphorous 
acid, each containing a smaller proportion of oxygen than that 
necessary to form respectively sulphuric, nitric, and phosphoric 
acids. 

In some instances, however, the same element forma more 
than two acids with oxygen, in which case the two Greek words 
Iti/po, under, and hyper, over, are prefixed to the name of the 
acid. Thus an acid of sulphur containing less oyxgen than 
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HulphurouB acid is termed hyposulphuroua acid ; aud another 
acid of the same elomont contniaing, in proportion to sulphur, 
more oxygen than sulphurous auid aud less than sulphuric, 
might bo named cither Jiypersulphuroua acid, or hypoaulphuriu 
ttcid ; but the latter term haa heeu universally adopted. The 
prefix jjer ia frequently aubatituted for hj/per ; thua in the 
of chlorine, which forma the following four aoida with osygen, 
viz. hypochloroua acid, chlorous acid, chloric acid, and hypor- 
chloric acid, the latter is generally named perchlorio acid ; but 
fer can only be used aa a prefii to the acid containing the^ 
largest proportion of oxygen. 
Some acids do not contain oxygen amongst their constituents, 
but consist of sulphur or hydrogen united with other elemcntu, 
This peculiarity of composition is expressed in their uomen- 
clature by the prefixes sttlpho or tulpli, and hi/dro or Iti/ir : thus 
Bulpharsenic acid and sulphostannic acid denote acids composed 
respectively of sulphur, hydrogen, and arsenic, and sulphur, hy- 
drogen, and tin ; whilst tho names hydrochloric acid and hydri- 
odic acid are given to acids composed, the first of hydrogen 
aud chlorine, and the second of hydrogen and iodine. The 
terminals ous and ie are also applied to these acids in exactly 
the same manner aa to the oxygen acids : thus we have aulph. 
arseniouB and aulpharsenio acid, the latter containing it 
larger proportion of sulphur than the former ; but the appli 
cation of the first of these terminala haa not hitherto heeu 
found necessary in the case of hydrogen acids, since no ele- 
ment haa yet been observed to forai more than one acid with 
hydrogen. 

The term anhydride or anhydrous acid ia applied to tho residue 
obtained by the abstraction (in combination with ojygeu aa 
water) of all the displaceable hydrogen from one or two mole- 
culea of an oxygen acid. Thus, 

SO,H, - OH, = SO,: 

2N0,H - Oil, = N.O.. 



ler^H 

■ , I 

I 
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The term base is applied to three classca of compounda, all of 
whicliare converted into saltsbythe action of acids. Theaoare — 

lat. Certain compounds of metala with oiygen, such as aodie 
oxide (Na^O), zincic oiide (ZnO), &c. 

2nd. Certain compounds of metala with the oompoimd radical 
hydroxy! (HO), Bueh as sodie hydrate ({NaHO)), zincic hy- 
drate (Zn(HO),), &c. 

3rd. Certain compounds of nitrogen, phoaptorus, aiBenic, 
and antimony, such as ammonia (ini,). 

There are also a few organic compounds to which the name 
base 18 BOmetiraea giien, but which aro not included in tho 
above ciasaes; it ia, however, unnecessary further to allude to 
them here. 

The bases of the first class are named in accordance with 
the roles already g;iven for compounds of two elemeuta. The 
tbllowing bases, however, stili retain their irregular namea : — 
Sjatomntic tiomea. Irrogular names. 
Baric oxide Baryta. 

»Strontic oxide Strontia. 
Calcic oxide Lime. 
Magnesic oiide Magnesia. 
Aluminic oiide Alumina, 
Glue ioic side Glucina, 
Zirconic oxide Zirconia. 
'j.'he namea of tho bases belonging to the second class are 
formed by changing the terminal ayllable of the name of the 
metal into io or cms, and the word hydroxyl into hydrate. Thus 
csDsium and hydroxjd form ciesic hydrate (Cs(HO)) ; barium 
and hydroxyl, baric hydrate (Ba (HO)^) ; and iron and hy- 
droxyl, ferric hydrate (Fc, (HO)J. 

A few of these bases have trivial or irregular names, which 

are almoat invariably used instead of the Bjatematic names : — 

Sj.'^tomatit! tiniiioa. Irregulur names. 

kPotaasic hydrate Potash. 
Sodic hydrate Soda. 
Litliic hydrate Lithiii. 
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The bases of the third class are distinguished by the terminal 
syllable ine, except nitrine, (NHg), which retains its trivial 
name ammonia. These bases belong almost exclusively to the 
department of organic chemistry, and their nomenclature could 
not be advantageously discussed here. 

It has been already mentioned that by the mutual action of 
an acid and a base upon each other, a salt is produced. 1£ the 
salt be free from oxygen and sulphur, like common salt, (NaCl), 
it is termed a haloid salt ; if it contain oxygen it is termed an 
oxysalt ; and if this oxygen be replaced by sulphur, it is distin- 
guished as a sulphosalt. 

The haloid salts are named according to the rules for binary 
compounds above given, thus : 

Name. Formula. 

Sodic chloride NaCl. 

Calcic iodide Calg. 

Perrons bromide FeBr^. 

Ferric bromide PCgBrg. 

Oxysalts are divided into normal^ acidy and basic, 
A normal salt is one in which the displaceable hydrogen of the 
acid (see page 9) is all exchanged for an equivalent amount of 
a metal or of a positive compound radical. 

The following examples will serve to illustrate this definition 
of a normal, or as it is sometimes incorrectly called, a neutral 
salt, the displaceable atoms of hydrogen in the acid, and the 
metal by which they have been displaced in the salt, being 
printed in italics : — 



Acid. Normal salt. 

f Sodic nitrate NOgiVa. 



^i^o'^i NO,^ icalcio nitrate (NO,),C4,". 

_ , , . ., „^ „ / Potassio sulphate 80.K„. 

Sulphuneacd SO.H, { Calcic sulphate aO.Ca". 

.... _^ „ / Potassio phosphate ...PO.K,. 
Phosphoric acid PO,^, [ ^^^j^ phosphate (P0,),C«"3 

Hypophoephorous acid.. VO^K^H ... Sodic hypophosphite... POjHyZVff. 
Phosphorous acid TO^HH^ ... Fotassic phosphite . . . FOgHJT,. 
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Acid. KorniHl su.lt. 

MetapLoaphorio acid ... PO^W Uthio melapliOBphate . . PO^ii. 

Pjrophosphorio acid ... P^O,//, ... Calcic pjraphospliata... P,0,Cij"j. 

^'2'":'.''° ""^P^'^"} S,0,ff, Sodiubbulplmte Sfi,Ifa,. 

Unltnown ncid OrjO,H, ... PolaBsie bichromaM . . . Cr^O,£'j. 

Ail acid gall m one in lekich the dieplacealle "hi/drogen of the 
acid is only partialli/ exchanged for a metal or positive compound 
radical. 

The following examples illustrate the constitutioE and nomen- 
clature of these salts ; — 

Acid. Acid suit. 

Sulphuric acid ... SO.a, Hydrie Bodio sulphaW SO.fflVa. 

Carbonic loid ... COj//,? Hjdrio polassio carbooato.. COjflff. 

iHjdricdiHodie phoaphate... ¥0^H]\\. 
DihydricBodiopboapliate... POjtf^if. 
Microcosmio salt PO.ff(A'ffJAa. 

(Hjdrie aiuiuoBio Hjaio phDai>hnU..,) 

Acid salts are produced almost exclusively from poljbasic 
acids. 

Wlien the number of bonds* ofthemetal or compound positive 
radical contained in a salt exceeds the nmaher of atoms of displace- 
lAle hydrogen in the acid, the compound is usually termed a basic 
salt — as, for instance, 

Acid. Busic sail. 

„ , . ., ^„ „ fMukcliite CO,K,Cu\. 

Cub<m'''^'d CO,.ff,|B,^^^p^^^^(„„^^ C,0,H,C«",. 

f Tribasiccupcio Bulphale SO.H.Cu",. 

Sulphur.oaad SO,ff,|^^^^^i^^^ _^ SoliT/V 

These and most, if not all, other basic salts do not difl'er 
essentially in their constitution from the normal and acid salts. 
This will be seen from the arraugeiueut of their atoms given 
under the different metals entering into their composition. 

The nomeoclature of organic bodies is founded upon tho 
same principles as that of inorganic compounds; but its discus- 
sion could not be convenientlj introduced here. 

• i'or an eiplanution of this terra ae Chap, III. p. 18. 
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CHAPTER III. 

CHEMICAL NOTATION. 

Symbolic Notation. — Every element is represented by a 
symbol, whicli is frequently the initial letter of the name 
of the element ; but as in some cases the names of two or 
more elements begin with the same letter, it is necessary to 
distinguish them by the use of a second letter in small type, 
which is either the second letter of the word, or some other 
letter prominently heard in its pronunciation; thus carbon, 
cadmium, cobalt, and cerium all begin with the same letter ; 
but they are distinguished by the symbols C, Cd, Co, and Ce. 
In the use of the single letters, the non-metaUic elements have 
the preference ; thus oxygen, hydrogen, nitrogen, sulphur, phos- 
phorus, boron, carbon, iodine, and fluorine are expressed by the 
single letters O, H, N, S, P, B, C, I, and P ; whilst the metals 
osmium, mercury, nickel, strontium, platinum, bismuth, cobalt, 
iridium, and iron are symbolized by two letters each ; thus Os, 
Hg (hydrargyrum), Ni, Sr, Pt, Bi, Co, Ir, and Pe (ferrum). In 
the selection of the single letter for other cases, preference is 
given to the most important element ; thus sulphur, selenium, 
and silicon are aU. non-metallic elements, beginning with the 
same letter, but sulphur being the most important, the single 
letter S is assigned to it ; whilst selenium and silicon are de- 
noted respectively by Se and Si. 

The symbols of compounds are formed by the simple juxta- 
position of the symbols of their constituent elements. Such a 
group of two or more symbols is termed a chemical formula. 

Thus: 

Argentic chloride AgCl. 

Zincic oxide ZnO. 

The sjrmbols not only represent the elements for which they 
are used, but they also denote a certain definite proportion by 
weight of each element ; the formula HCl, for instance, does 
not merely denote a compound of hydrogen and chlorine, but 
it signifies a molecule of that compound containing one atom 
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(1 part by weight) of hydrogen, and one atom (35*5 parts by 
weight) of chlorine. "When, therefore, the molecule of a com- 
pound contains more than one atom or combining proportion 
of any element, it is necessary to express such fact in the for- 
mula : this is done by the use of a coefficient placed after the 
symbol of the element : 

Zincic chloride •. ZnCl^. 

Ferric chloride FCjClg, 

Stannous chloride SnClg. 

Stannic chloride SnCl^. 

When it is necessary to denote two or more molecules of 
any compound, a large figure is placed before the formula of 
the compound ; such a figure then affects every symbol in that 
formula : thus SSO^H^ means three molecules of the compound 
SO,H,. 

The changes which occur during chemical action are expressed 
by equations, in which the symbols of the elements or compounds, 
as they exist before the change, are placed on the left, and 
those which result from the reaction on the right. Thus, taking 
an example from each of the five kinds of chemical action 
before mentioned, we have 

(1) Zn + CI, = ZnCl,. 

Zinc. Chlorine. Zincio chloride. 

(2) 2HC1 + Zn = ZnCl, + H,. 

Hydrochloric acid. Zinc. Zincic chloride. Hydrc^en. 

(3) SO.Cu + (NO,),Ba = SO.Ba + (NO,) Cu. 

Cnpric sulphate. Baric nitrate. Baric sulphate. Cupric nitrate . 

(4) (CN)O(NH,) = N,H,(CO). 

Amnionic cyanate. Urea. 

(6) 20H, - O, + 2H,. 

Water. Oxygen. Hydrogen. 

The sign +, as seen from the foregoing examples, is placed 
between the formulse of the molecules of the difierent substances 
which are brought into contact before the reaction, and of 
those which result from the change. This sign must never be 
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used to connect together the constituents of one and the same 
chemical compound. 

The sign — is only very rarely used in chemical notation, 
but when employed it has the ordinary signification of abs- 
traction; thus, 

SO,H, 9. H,0 = SO3. 

Stdphurio acid. Water. . Sulphuric anhydride. 

Use of the hracTcet, — The bracket has been employed in 
various senses in chemical formulaB ; but in the following pagee 
it is used in notation for one purpose only, viz. for expressing 
chemical combination between two or more elements whict 
are placed perpendicularly with regard to each other and next 
to the bracket in a formula. Thus in the following cases, 

I. II. III. 

f CH3 f CH3 N0,0 

1 CH3 ^0 Ba 

iCH3 N0,0 

the formula No. I. signifies that two atoms of carbon arc 
directly imited with each other, No. II. that two atoms of car- 
bon are linked together, as it were, by an atom of oxygen, the 
latter being united to both carbon atoms ; whilst in like mannei 
No. UI. indicates that one atom of oxygen in the formula 
of the upper line is linked to another atom of oxygen in the 
formula of the lower line, by an atom of barium. 

Use of thick letters. — As a rule, the formulaB in this book arc 
so written as to denote that the element represented by the 
first symbol of a formula is directly united with all the active 
bonds of the other elements or compound radicals following 
upon the same line : thus the formula SOgHo^ (sulphuric acid] 
signifies that the hexad atom of sulphur is combined with the 
four bonds of the two atoms of oxygen, and also with the two 
bonds of the two semi-molecules of hydroxyl. Such a formula 
is termed a constitutional formula *. 

Occasionally, however, owing to the atomic arrangement oJ 

* For further information on this subject see Atomicity of Elements and 
CoMPOUifD Eadicals below. 
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a compound not tcing known, its formula cannot be written 
according to this rule ; and iu order to prevent such rational 
ov empirical formtileB • from being miatnken for constitutional 
formula', the first symbol of a, constitutional formnla will 
always bo printed in thick typo. It deserves also to be men- 
tioned that, as a rule, the element having the greatest number 
of bonds will occupy this prominent position. Thus, 
Sulphuric acid SO^Ho^. 

■ Water OH,,. 
JJitricacid NO.Ho. 
Microcosmic salt POHoAmoNao. 
jlTOMiCiTr OF Elejiests. — It has been already stated that 
the atomic weight of aa clement is the smallest proportion 
by weight in which that element eutera intii or is expelled 
from a chemical compound. The atoms of the various ele- 
ments, the relative weights of which are thus cspreaaed, 
exhibit very different values in chemical reactions. Thus an 
atom of zinc is equivalent to two atoms of hydrogen j for, when 
zinc is brought into contact with steam at a high temperature, 
one atom of zinc expels from the ateam two atoms of hydrogen 
^^^d occupies their place — thus, 
^^L OH, + Zu = OZn + H,. 

^^Bligain, when zincic oside is brought into contact with hydro- 
• A rational furmula is one in which tlie atomic compoaition of a molecule 
iH expreBaed, bill withoat reference to tlie manner in nbicb the elements are 
rombined aroongirt themselves. An empirical formala merely eiprPEwea, by 
■lie EmalloBt integers, the proportioiml number of atoms of each, clement 
entering into the CDrnpoBition of a compound. Thus the iUroa formuLe of 
ftrric hydrate are wrilltn : — 

Empirical formula PelljO,. 

Hational Ye.Jlfi^. 

Constitutional Fe,Ho„. 

bath oonstitutioiisl and ralionul forniuln: are ossentiallj nioleculnr 
fbmiulie, whilst empirical formula: afibrd no indication of theuumbor of atoms 
entering into the coiupusiLion (if a ninlecide ; tliey uro, in lact, only used to 
represent bodies tho molecular vrcighta of wliidi itri' unknown. 
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chloric acid, the place of the zinc becomes once more occupied 
by hydrogen, but two atoms of hydrogen are found to be neces- 
sary to take the place of one atom of zinc : 

OZn + 2HC1 = ZnCl, -f OH,. 

Zindo oxide. Hydrochloric add. Zindo chloride. Water. 

In like manner one atom of boron can be substituted for 
three atoms of hydrogen, one atom of carbon for four, one of 
nitrogen for five, and one atom of sulphur for no less than six 
atoms of hydrogen. 

To give a concrete expression to these facts, the atom of 
hydrogen may be figuratively represented as having only one 
point of attachment or bond by which it can be united with any 
other element, zinc as having two such bonds, boron three, and 
so on. Thus the atoms of these elements may be graphically 
represented in the following manner : — 

Hydrogen H— 

Zinc — Zn— 

Boron B 

I 

Carbon — C— 

I 

\l/ 
Nitrogen N 

Sulphur — S— 

/ \ 

In symbolic notation, the same idea is conveyed by the use 

of dashes and Eoman numerals placed above and to the right 

of the symbol of the element ; thus, 

Hydrogen H', Carbon C^ 

Zinc Zn", Nitrogen N', 

Boron B'", Sulphur S^. 

No element, either alone or in combination, can exist with 
any of its bonds disconnected ; hence the molecules of aU ele* 
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mehiB with an add number of hands are generally diatomic, and 
alwayi palyatamie ; that is, tbej contain two or more atoms of 
the element united together. Thus, 

Symbolic. Graphic. 

Hydrogen H, H— H 

Chlorine CI, ^ CI— CI 

Nitrogen N% N=T^ 

Phosphorus P^ 



P=P 

An element with an even niunber of bonds can exist as a 
monatomic molecule, its own bonds satisfying each other. 
Thus, 

Symbolic. Ghraphic. 

Mercury Hg" (^ 

Cadmium Cd" (^ 

Zinc Zn" (^^ 

It is nevertheless obvious that such an element may also 
ezist as a polyatomic molecule. Oxygen furnishes us with an 
example of this ; for, in its ordinary condition it is a diatomic 
molecule, and in the allotropic form of ozone, a triatomic 
molecule : 

Symbolic. Graphic. 

Oxygen 0", 0=0 

Ozone 0"3 W 

O 

This combining value of the elementary atoms is usually 
termed their atomicity, equivalence, or atomrfixing povoer. An 
element with one bond is termed a monad, with two bonds a 

op 
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dyad, with three a triad, with four a tetrad, with five a petitad, 
and with six a Jiexad. Elements with an odd number of bonds 
are termed perUaads, whilst those with an even number are 
named artiads. 

In order to avoid the unnecessary use of atomicity-marks in 
symbolic notation, I shall never attach them to a monad or to 
oxygen, which, it must be remembered , is always a dyad. Neither 
will the atomicity-coefficient be attached to the tetrad element 
carbon, in the formulae of organic bodies, unless this element 
plays the part of a dyad — an occurrence of extreme rarity. 
When not otherwise marked, therefore, carbon must always be 
understood to be a tetrad. 

It will also, as a rule, be unnecessary to mark the atomicity 
of the elements which are expressed by symbols in thick type, 
because their atomicity is clearly indicated by the sum of the 
atomicities of the elements or compound radicals placed to their 
right, or connected with them perpendicularly by a bracket. 
Thus in the formula 

tcci,' , 

each atom of carbon is united with three atoms of the monad 
chlorine, whilst the bracket, indicates, that the two atoms of 
carbon are also united by one bond of each, thus stamping C 
as a tetrad element. 

Prom what has just been said with regard to carbon, it is 
evident that the atomicity of an element is, apparently at least, 
not a fixed and invariable quantity : thus nitrogen is sometimes 
equivalent to five atoms of hydrogen, as in ammonic chloride, 
(N^H^Cl), sometimes to three atoms, as in ammonia (N'^Hj), 
and sometimes to only one atom, as in nitrous oxide (ON^). 
But it is found that this variation in atomicity always takes 
place by the disappearance or development of an even number 
of bonds : thus nitrogen is either a pentad, a triad, or a monad ; 
phosphorus and arsenic, either pentads or triads ; carbon and 
tin, either tetrads or dyads ; and sulphur, selenium, and tellu-- 
rium, either hexads, tetrads, or dyads. 
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TheBe remarkable facta can be explaiued by a very simple 
and obTiouH aBsimiption, viz. that one or more pairs of bonds be^ 
longing to one atom of ihe game element can unite and, having 
taturated each other, become, as it were, latent. Thus the pentad 
nitrogen becomea a triad when one pair of its bonds beooraea 
latent, aud a monad when two pairs, by combination with each 
other, are, iu like manner, rendered latent, — conditions which 
may be graphically represent-ed thus : — 



\ 



Penlfld. a'ri.id. 


Monad. 


V -i- 




id in the case of eultihur: 




Hexnd. Telmd. 


Ujfld. 


X ^ 


-S^ 



■Adopting this Iiypothcai«, it will be convenient to diatingnish 
the masimutn number of bonds of an element as its absolute 
atomicity, the number of bonds united together aa ita latent 
atomieitg, and the number of bonda actually engaged in linking 
it with the other elements of a compound as ita active atomicitg. 
The Bum of the active and latent atomicity of any element must 
evidently always be equal to the absolute atomicity. Thus in 
Bulphuric acid (S''02Ho,) the absolute and active atomicities 
are botii =vi, therefore the latent atomicitj' =0. In aulphu- 
rouB acid ("S"OHo,j) the active atomicity =it, and couae- 
quentlythe latent =vi—iv=ii; whilst in sulphuretted hydro- 
gen ('•S"H,) the active and latent atomicitiea are respectively 
II and IT. 

The apparent eiceptiona to this hypothesis nearly all dis- 
appear on investigation : thus iron, which is a dyad in ferrous 
compounds (as PeClj), a tetrad in cubical pyrites (FeS"^), and 
a hoxad in ferric acid [PeOjIioJ, is apparently a triad in ferric 
chloride (PeClj); but the vapour-deuaity of ferric chloride 
«howe that its formula muat be doubled — that, ia fact, the two 
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atoms of the hypothetical molecule of iron (Fe,) have not been 
completely separated. The formula of the ferrous and ferric 
chlorides and of ferric acid then become 

Symbolic. Giaphio. 

Ferrous chloride... 'Te'CL CI— fe— 01 

u 



or 



„ f 'TeCL CI— Pe— CI 

1 "PeCl ■ J 



-CI 
CI CI 



J._- 



Ferric chloride ... "Te'\C],. CI— Fe=Fe— CI 



CI CI 
CI CI 

rSc!' ci-i2-i?-ci ■ 

o 

II 

Ferric acid Pe"0,Ho,. H— 0— Fe— 0— H 



I 



It will be remarked that the number of bonds supposed to 
be combined with each other in the atom of iron in ferrous 
chloride is expressed in one of the above formulae by the ato- 
micity numeral iv placed to the left of the symbol, whilst the 
analogous union of three bonds of each atom of iron in ferric 
chloride is expressed by the three dashes'" to the left of the 
symbol Fe^. I shall not, however, use these coefficients of 
latent atomicity in the case of the single atom of an elemenl^ 
the student being supposed to have made himself acquainted 
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with the absolute atomicity of every element as eipressed in 
the Table at page 32. For a similar reason, it will also rarely 
be neceseary to express the same idea in graphic notatioa; thus, 
for inetance, ammonia will be drawn 

H H 



It will be necessary, however, to employ these coefficienta in 
symbolic formulie, where two or more atoms of the same ele- 
ment are joined together nnder such circumstances, that the 
number of bonds uniting them cannot be found by subtracting 
the coefficient of active atomicity from the absolute atomicity 
of the element ; aa in liydric peraulphide ('S'^H,), for instance, 
which might otherwise he viewed as '"S'^Hj, or 'S'^H^. 

In rare cases, in which osygen links together two elements 
or radicals in the same line of a formula, a hyphen is placed 
before and alter the symbol 0, thus ; — 



CH,-0-CMeO 
CH„-0-CMeO' 



^FGbapiiio Notation. — This mode of notation, although far 
too cumbrous for general use, is invaluable for clearly showing 
the arrangement of the individual atoms of a chemical com- 
pound. It ia true that it expresses nothing more than the 
symbolic notationof the same compound, if the latter be written 
and understood as above described ; nevertheless the graphic 
form affords most important assistance, both in fixing upon the 
mind the true meaning of symbolic formuhe, and also in making 
comparatively easy of comprehension the probable internal ar- 
rangement of the very complex molecules frequently met with 
both in mineral and organic compounds. It is also of especial 
value in rendering sstrikingly evident the causes of isomerism 
in organic bodies. 
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Grapbic notation, like the above method of symbolic notation, 
is founded almost entirely upon the doctrine of atomicity, and 
consists in representing, graphically, the mode in which every 
bond in a chemical compound is disposed of. Inasmuch, how- 
ever, as the principles involved are precisely the same as those 
already described under the heads of symbolic kotation and 
ATOMiciTT OF ELBMEin^s, it is Unnecessary here to do more 
than give the following comparative examples of symbolic and 
graphic formulae : — 



"Water 



Symbolic, 

OH,. 



Nitric acid 



NO.Ho. 



Ammonic chloride 



NH.Cl. 



Graphic. 

H— 0— H 
O 



N— 0— H 

II 
O 



I 
H— N— CI 

H H 



Sulphuric anhydride SO^. 





Lo 
II 

o 



Sulphuric acid 



Carbonic anhydride COj. 







SO,Ho,. H— 0— S— O— H 



o=c=o 



Potassic carbonate 



COKo,. K— 0— C— 0— K 

II 
O 





H H II H 


Aminouic carbonate, COAmo... 


11— 1^0-C-O— K— H 




H ii 


N0,0 1 
Zineic nitrate ... Zn" . 
W0,0 




II il 
N— 0— Zn— 0— N 



It must te carefully borno in mind that these graphic for- 
mula are intended to represent neither the shape of the mole- 
cnlcB, nor the suppoRed relative position of the constituent 
hypothetical atoniH. Tlie linea connecting the different atoms 
of a compound, and which miglit with equal propriety he drawn 
in any other direction, provided they connected together the 
same elements, servo only to show the definite disposal of the 
bonds, the latter again being only a concrete symbolic eiprea- 
sion of an abstract train of reasoning : thus the formula for nitric 
acid iiidicatea that two of the three consti- 
tuent atoms of oxygen are combined with ,, 

nitrogen alone, and are consequently united jf q j£ 

to that element by both their bonds, whilst || 
the third osygen atom is combined both with O 
nitrogen and hydrogen. 

The lines connecting the different atoms of a compound are 
but crude symbols of the bond of union between them ; and it 
is scarcely necessary to remark that no anch material con- 
nexions exist, the bonds whicli actually hold together the con- 
atituents of a compound being, as regards tlieir nature, entirely 

It may also he here meutioned that grapliic, like symbolic 
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formulsB, are purely statical representations of chemical com- 
pounds ; they take no cognizance of the amount of potential 
energy associated with the different elements. Thus in the 
fomul® for marah-gaa and carbonic anhydride, 

H 



H— C— H 0=C=0 



A 



Marsh-gas. Carbonic anhydride. 

there is no indication that the molecule of the first compound 
contains a vast store of force, whilst the last is comparatively 
a powerless molecule. 



CHAPTER IV. 

COMPOUin) EADICALS. 

Thb term compound radical may be applied to any group of 
two or more atoms, which takes the place and performs the 
functions of an element in a chemical compound. In practice, 
however, it is only applied to any such group when the latter 
is met with in numerous chemical compounds. 

An element is a simple radical, and enters into combination 
in the followiug manner ; a, h, c, and d being monad elements, 
a" a dyad, a'" a triad, and a*' a tetrad element : — 

a + h=:ah, 
a"+2h=a\, 

i&C. &C. 

A group of elements replacing a, a", or a" in the above equa- 
tions is a compomd radical, as in the following examples :— 



COMPOUND BADICAL8. 


(«"i) 


+ S=(«"i)S, 


wty 


+ 2l = (a'"by\, 


(a"'h) 


+ h = {d"hc')h. 


(«)'- 


+3S.(o"S)"J., 


fa»4c)" 


+2i-(a"S»)"J„ 


(«i'W) 


+ i = («"Srf)J. 



sr 



^^H The group of elements (a"h) constitutea a compound monad 
^^^^^Icul equivalent to one atom of hydrogen or cUoTine. The 
group (o"'i)'' ia a compound dyad radical, &o. It is there- 
fore evideiit that a polyad olement ia essential to every com- 
pound radical ; iu fact a compound radical comisla of one w 
more atoms e/f a polyad element m wkieh one or more hands are 
uneafisfied ; and it is eilJiEr a monad, dyad, triad, ^e. radical, ac- 
ctyrding to tlte nuinber of monad atojna required to satisfy its 
active atomicity. SucJi a radical, when a monad, triad, or pentad, 
canuot eiist aa a aeparato atom ; like hydrogen or nitrogen, 
when isolated, it combineawith itself, forming a diatomic mole- 
cule. It ia only by the unioa of two atoms that the vacated 
bonds can in theae caaea be aatiafied. 

Prom the above definition of a compound radical, it is evi- 
dent that an almost infinite number of such bodies must eiiat ; 
for in the compounds of every polyad element it ia onlyneces- 
aary to vacate successive bonds to create each time a new com- 
pound radical. Thus roarah-gaa CH, minus one atom of 
hydrogen givea the compound radical methyl CH, ; minua two 
atoms of hydrogen, it forBis methylene (CH,,)", and by the 
abstraction of three hydrogen atoms it ia transformed into tho 
triad radical formyl (CHJ'"; but, eieept in a few cases, it ia 
not advantageouB thus to incorporate, as it were, compound 
radicala, which, instead of simplifying notation and nomencla- 
ture, would, if thus multiplied, only embarrass them. No 
compound radical, therefore, ought to receive a recognition aa 
such unless it can be shown to enter into the compoeition of a 
large number of compounds. 

The following are the names and formulo of the chiei' inor- 



HO 


Ho. 


HS 


Hs. 


NH, 


Am. 


NH,0 


Amo. 


NH, 


Ad. 
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ganic compound radicals recognized in the notation of this 
book : — 

Abbreviated 
Molecular formuls. Atomic fonnnls. atomic formolae. 

Hydroxyl (HO)^ 

Hydrosulphyl (HS)jj 

Ammonium (NHJ2 

Ammonoxyl ...... (NH40)2 

Amidogen (NH2)f 

In addition to these, certain compounds which metals form 
with oxygen are also regarded as compound radicals — ^ior 
instance, 

Molecular Atomic Abbreviated 

formulae. formuJ«. atomic formulc 

Potassoxyl (KO), KO Ko. 

Zincoxyl (ZnO,) j Zn" Zno". 

The essential character of these last compound radicals is 
that the whole of the oxygen they contain is united with tho 
metal by one bond only of each oxygen atom, as seen in Iho 
following graphic formulae : — 

Hydroxyl — 0-H 

Potassoxyl — — K 

Zincoxyl — 0— Zn— 0— 

The metal thus becomes linked to other elements by these 
dyad atoms of oxygen. The functions of such compound radicals 
will be sufficiently evident from the following examples of 
compounds into which they enter, and in which their position 
is marked by dotted lines. 



II 
Nitric acid N— 

II 




-0— H 



•«*«•••• •• •••«■■ ■••••••••«■ 
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Fotassic sulpbate 



Baric nitrate 



Zincic sulpbate 




It is not necessary to dignify all these metallic compound 
radicals with names ; the chief point of importance about them 
is their abbreviated notation, in which the small letter o is 
attached to the symbol of the metal, the atomicity of the radical 
being marked in the usual manner. It must be borne in mind 
that the number of atoms of oxygen in any radical of this class 
depends upon its atomicity : thus a monad contains only one 
atom of oxygen, a dyad two, and a triad always three atoms of 
oxygen. The use of any but monad and dyad metallic com- 
pound radicals is very rare. 
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CHAPTER V. 

ATOMIC AND MOLECULAR COMBINATION. 

In all the cases of chemical combination considered in the 
above Chapters, a union of atoms has been invariably contem- 
plated. This atomic union is generally attended by the breaking 
up of previously existing molecules — ^two such molecules, by 
the mutual exchange of their atomic constituents, producing 
two new and perfectly distinct molecules. Thus when chlorine 
unites with hydrogen to form hydrochloric acid, a molecule 
of chlorine and one of hydrogen yield up their constituent 
atoms, forming two molecules of hydrochloric acid, 

C1,+H, = 2HC1. 

r 

. In comparatively rare cases, two molecules combine to form 
only one new molecule ; thus a molecule of carbonic oxide and 
one of chlorine combine to form one molecule of carbonic 
oxydichloride or phosgene gas : but the imion is even here 
essentially atomic ; for after combination both the oxygen and 
chlorine are directly united with the atom of carbon : 

CO + CI, = C»^0C1,. 

Carbonio oxide. Ohlorine. Phosgene gaa. 

Chemists are, however, compelled to admit an entirely dif- 
ferent kind of union, which not unfrequently occurs, and 
which, in conformity with the atomic hypothesis, may be ap- 
propriately termed molecular union or molecular comhination. In 
the formation of such compounds, no change takes place in the 
active atomicity of any of the molecules. It is this kind of 
combination which holds together salts and their water of crys- 
tallization, as, for instance, 

Sodic chloride crystallized at -10° C NaCl, 20R^. 

Sodic bromide crystallized below + 30° C . . . NaBr, 20R^. 
Sodic iodide crystallized below -f 50° C . . . Nal, 20Ha. 
Alum SP3('Al'",Oe)^Ko„ 240H,. 



CLASSIFICATION OF ELEMENTS. 31 

NumerouB otter instanceB of mokcular combination might 
be adduced ; but it is only neceBaniy here to point out that such 
molecular unions will be distinguished from atomic combi- 
nationB by the use of the comma, aa in the above and following 



Tetrara ethy lammon i 
Tetramethylammoni 
Tetramethylammoni 



ic tri-iodide NMe, I, I,. 

ie pentiodide NMejI,2I,. 

iodo-diebloride .NMe. I, CL. 



In all cases molecular combination seems to be of a much 
more feeble character than atomic union ; for, in the first place, 
such bodies are generally decomposed withfacility; and secondly, 
the properties of their constituent molecules ore markedly per- 
ceptible in the compounds. Thus the above ao-ealled perio- 
dides of the organic bases present in appearance great resem- 
blance to iodine. 



k 



CHAPTER VI. 



ClASSIFICATIOK OP ELEMENTS. 



It has already been mentioned that the elements may be 
divided into two great clasaes, the metala and the non-metala 
or metalloids. A seeoud division into positive and nega- 
tive elements has also been explained. A third and still more 
important clasaification is founded upon the atomicity of the- 
elements. In the foUowing claaaifled Table all three methods 
are embodied, the metalloids being printed in red type, and the 
metals in black, whilst the positive elements are printed in 
Eoman characters, and the negative in italics. In addition, 
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the different classes are also divided into sections, consisting 
of elements closely related in their chemical characters. 



Monads. 


Dyads. 


Triads. 


Tetrads. 


Pentads. 


Hexads. 


iBt Section. 

Hydrogen. 


1st Section. 

Oxygen. 


1st Section. 

Boron. 


1st Section. 

Carbon. 
Silicon. 

Tin. 
Titanium. 


1st Section. 

Nitrogen. 
Phosphorus. 

Vanadium. 
Arsenic. 
Antimony. 
Bismuth. 


1st Section. 

Sulphur. 
Selenium. 

Tellurium, 


2nd Section. 

Muortne. 
Chlorine. 
Bromine. 
Iodine. 


2nd Section. 

Barium. 

Strontium. 

Caldum. 

Magnesium. 

Zina 


2nd Section. 
Gold. 


2nd Section. 

Tungsten. 
Molybdenum. 


2nd Section. 

Thorinum. 

Niobium. 

Tantalum. 

Zirconium. 

Aluminium. 




3rd Secti<m. 

Osmium. 
Iridium. 
Buthenium. 
Bhodium. 


3rd Section. 

Cnaium. 

Bubidium. 

Potaaaium. 

Sodium. 

lithium. 


3rd Section. 

Didymium. 
Lanthanum. 
Yttrium. 
G-lucinnm. 


3rd Section. 

Platinum. 
Palladium. 


4th Section. 

Chromium. 

Manganese. 

Iron. 

Cobalt. 

Nickel. 

Uranium. 

Cerium. 


4th Section. 

Thallium. 
Silver. 

• 


4th Section. 

Cadmium. 

Mercury. 

Copper. 


4th Section. 
Xiead. 



CHAPTER VII. 



WEIGHTS AND MEASUBES. 



The weights and measures employed in this boot are chiefly 
those of the French decimal system. The following Tables, 
published by Messrs. De la Eue and Co., will enable the 
student to convert these into their English equivalents when- 
ever this may be necessary. 



[ 



1 


French Measures of Length. 




r 


InEiLEluh 




In KoRlish 
j»rd.=afeeL 


InEuglinh 


In Engliih 


UillmiMre 

CentimMre 

DAnnMre 


0-M98T 
0MB71 
3-S3703 
M<i7D79 

3»37n;-9DU01) 


OliSBOW 
S-23MB9 


1-0939331 
10B'S6331W 
lOWUilSIOOOO 




O-OMMH 
0-0068138 


^2 


IB: 


6»9S4o™tin 
'04TM49 diioiE 


AOa. Imilu^l'lJU 


SEi^tro. 1 



\ 


IFreneh Measures of Surface 






f 


s^e. 


IaEBgir.h 
sqnsreyirds 


In Bnglish 


"Si 


In English 
ftet. 


C™tisreor»q.Tnilio 
ARorHMu.mitrei 


IOT643-99MIa 


linao-MMH 


3«a38seg 


B-BaUTM 


2-4711431 


1 iqiraie miih~«-4$13e69 sqiure WDtJiDiltivi. 
1 mxalt fwX =»'28906S3 Hjnsrc decimbtres. 
1 sqnureyard^O'BSSnilJIS nqmiM mfelre or centiare. 



French Measure* of Capacity. 





In onbiD 
inchts. 


,"Si 


»' 


Imtnllcma 
=ai7573S4 


Id bnshflB 

=eni]oi>i 


"SS""""""! 


8i-*mos 

<102-7OSlfi 

6ioa7-o5i6a 


o-its-iiM 


0-01781 

1-78077 
17fri)7731 
UBO-J73I1 


4KH)22010 

IfSSOOM? 

a"JODB«flB 

M«)8«77 

330096876- 


0-WM0276 
0W027B1 

(HfiTfllBl 

37-S1J08M 




IMdUtnorlWonbii) 


lMcslitn«oaUit6re.. 


UjriolitnotdHiHttie 


i n 


bio inuh^IA 
bio foot ^28 
Jlon =*- 


315313 cul.iu dianAtTM, or litres 
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French Measv/res of Weiffht 



Millijgraiiune 

Ceubgramme 

Ddoi^ramme 

Gmnme 

IMcagramme 

Heotogramme ... 

Kilogramme 

ICynogrammd ... 

1 grain 
1 troj OS. 



In English 


In troy 
onnoes= 


grams. 


480 grains. 


(H)1643 


0-000032 


0-15482 


0-000322 


1-54323 


0-003215 


15-43235 


0-032151 


154-32349 


0-321507 


1543-23488 


3-215073 


15432-34880 


32-150727 


154323-48800 


321-607267 



In aToirdn- 

pois ib8.= 

7000 grains. 



0-0000022 
0-0000220 
0-0002205 
0-0022046 
0-0220462 
0-2204621 
2-2046213 
22-0462126 



Incwts.=: 

112 lbs. = 

784000 grs. 



0-0000000 
0-0000002 
0-0000020 
00000197 
0K)001968 
0-0019684 
0-0196841 
0-1968412 



Tons= 

20owt8.= 

15680000 grs. 



0-0000000 
0-0000000 
0-0000001 
0-0000010 
0*0000098 
OKX)00984 
0O009842 
0*0098421 






0-064799 gramme. 
81-103496 grammes. 



1 lb. aToir.= 0-453693 kilogr. 
1 owt =50-802377 kilogrs. 



Temperatures are expressed upon the Centigrade scale, and 
barometric measurements are given in millimetres. 

Por the ready conversion of gaseous volumes into weights, I 
have adopted the crithy or standard multiple proposed by Dr. 
Hofmann. The crith is the weight of one litre or cubic deci- 
metre of hydrogen at 0*^ C. and at a pressure of 760 millimetres 
of mercury. The following is Dr. Hofmann's description of 
the value and applications of this unit. 

" The actual weight of this cube of hydrogen, at the standard 
temperature and pressure mentioned, is 0*0896 gramme; a 
figure which I earnestly beg you to inscribe, as with a sharp gra- 
ving tool, upon your memory. There is probably no figure in 
chemical science more important than this one to be borne 
in mind, and to be kept ever in readiness for use in calculation 
at a moment's notice. Por this litre-weight of hydrogen 
=a00896 gramme (I purposely repeat it) is the standard 
multiple, or coefficient, by means of "which the weight of one 
litre of any other gas, simple or compound, is computed. Again, 
therefore, I say, do not let slip this figure — 00896 gramme. 
So important, indeed, is this standard weight unit, that some 
name — ^the simpler and briefer the better — is needed to denote 
it. For this purpose I venture to suggest the term crithf de- 
rived from the Greek word Kptdrj, signifying a barley-corn, 
and figuratively employed to imply a small weight. The weight 
of 1 litre of hydrogen being called 1 crith, the volume-weight 
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of other gaaea, referred to bydrogeii as a standard, may be ei- 
prcaaed in terms of this unit, 

" For example, the relative Tolume- weight of chlorine being 
35-5, that of oxygen 16, that of nitrogen 14, the actual weight 
of 1 iitre of each of these elementary gases, at 0° C. and O^'TG 
preaaure, may be called respectively SoU eriths, 16 cnthn, and 
14 erithe. 

" So, again, with referenco to the compound gases ; the rela- 
tive volume-weight of each is equal to half the weight of ita 
product-volume. Hydrochloric acid (HClJ,for example, eon- 
BiatB of 1 vol. of bydrogen-<-l vol. of chlorine=2 volumes; 
or, by weight, l-f35'5=36'3 units; whence it follows that the 
relatiYC volume-weight of hydrochloric acid gas is -j-=18'25 
units; which last figure therefore expresses the number of 
crith* which one litre of hydrochloric acid gas weighs at 0° C. 
temperature and 0"'76 pressure ; and the crith being (as I 
trust you already bear in mind) 0-0896 gramme, we hare 
18'25x0'0S96=l'G352 

as the actual weight in grammes of hydrochloric acid gaa. 

" So, once more, as the product-volume of water-gas (H^O) 
(taken at the above temperature and pressure) contains 2 
vols, of hydrogen -H 1 vol. of oxygen, and therefore weighs 2-1-16 
=18 units, the single volume of water-gas weighs y=9 units ; 
or, substituting as before the concrete for the abstract value, 
1 litre of water-gas weighs critht ; that is to say, 9 X 0'0896 
gramme =0'80yi gramme. 

" la like manner the pre duct- volume of sulphuretted hydro- 
gen {B..Ji)=2 litres of hydrogen, weighing 2 criths, -\-l litre 
of sulphur-gas, weighing 32 criths, together 2-|-32=3i criths, 
which, divided by 2, gives ^=17 crith3=17x0'0896 gramme 
=1'5232 granmie=the weight of 1 litre of sulphuretted hydro- 
gen at standard temperature and pressure. 

"And BO, lastly, of ammonia (NE^); it contains in 2 litres 
3 litres of hydrogen, weighing 8 critha, and 1 litre of nitro- 
gen, weighing 14 criths; its total product- volume-weight is 
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therefore 3+14=17 criths, and its single volume or litre 
weight is consequently 

Y=8-5 eriths=8-5x 0-0896 gramme=0-7616 gramme. 

"Thus, bj the aid of the hydrogen-litre- weight or crith 
8=50*0896 gramme, employed as a common multiple, the actual 
or concrete weight of 1 litre of any gas, simple or compound, 
at standard temperature and pressure, may be deduced from 
the mere abstract figure expressing its yolume- weight relatively 
to hydrogen." 

The number expressing in criths the weight of 1 litre of any 
gas or vapour being identical with its specific gravity compared 
wifh hydrogen taken as unity, it is easy, when this number 
is known, to calculate the specific gravity of the gas compared 
with air taken as unity. Por this purpose it is only necessary 
to multiply by '0693, which is the specific gravity of hydrogen 
compared with air =1. 

Thus the specific gravity of oxygen compared with air is 

16 X 0693=11088; 
of chlorine, 

35-5x0693 =2-46015; 

of hydrochloric acid, 

18-25 X -0693 « 1*264725. 



CHAPTER VIII. 

MONAD ELEMENTS. 

Section I. 

HTDBOaEN,H,. 

Atomic weigld =»!. Molecular weight =2. Molecular volume 
I I I . 1 litre weighs 1 crith. Atomicity ', heing the standard 
of comparison. 
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Occurrence, — In combination, as water, in very large quan- 
tities in nature. In almost all vegetable and animal sub- 
stances, and in many minerals. In the free state in the gases 
of volcanoes. In the sun, certain stars, and nebulae ? 

^Preparation, — 1. By the action of sodium upon water : — 

20H, + Na^ = 20NaH + H,. 

Water. Sodium. Sodio hydrate. Hydrogen. 

2. By the action of sodium upon dry hydrochloric acid :— 

2HC1 + Na, = 2NaCl + H^. 

Hydrochloric add. Sodium. Sodic chloride. Hydrogen. 

3. By the action of zinc, iron, or certain other metals on 
hydrochloric acid : — 

2HC1 + Zn = ZnCl^ + H^. 

Hydrochloric acid. Zincic chloride. 

4. By the action of zinc or certain other metals on dilute 
sulphuric acid : — 

SO,Ho, + Zn = SO,Zno" + H,. 

Sulphuric add. Zindc sulphate. 

5. By passing steam over iron heated to redness : — 

Fe, + 40H, = "(Pe3)'^0. + 4H,. 

Water. Triferrio tetroxide. 

6. By the action of zinc on a boiling solution of potassic 
hydrate : — 

20KH + Zn = ZnKo, + H,. 

Fotaasic hydrate. Potassic zinc oxide. 

7. By the electrolysis of water and of some other liquids 
containing hydrogen. 

8. By the action of intense heat upon water. 

9. In the destructive distillation of some organic substances. 
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Section II. 

CHLOBimS, CI,. 

Atomic tDeiffhi^^5'6, Molecular weighi ^^71, Moleeular ffolume 
I I 1 . 1 litre weighs 85'5 crithi. ffas not been solidified. 
Liquefies at 15^5 C., under a presstire of 4t atmospheres. 
Atomicity', Uvidenae of atomicity^ HCl. 

Occurrence. — Always in corabinatioii — ^with Bodium and other 
metals in sea- water, and in tlie solid state in the salt-beds of 
Cheshire, "Worcester, &c. Evolved from volcanoes in the form 
of hydrochloric acid. 

JBreparation.^-l, By heating certain metallic chlorides, as 
platinic and auric chlorides : — 

PtCl, = 2Cla + Pt. 

Platinic chloride. 

2. By gently heating a mixture of manganic oxide ^Jid hy- 
drochloric acid, when the reaction takes place in two stages : — 

MnO, + 4HC1 = MnCl, + 20H,; 

Manganic oxide. Hydrochlorio add. Manganic chloride. Water. 

MnCl^ = MnCl, + CI,. 

Manganic chloride. Mangai^oas chloride, 

3. By heating a mixture of sulphuric acid, sodio chloride, 
and manganic oxide, when the whole of the chlorine present is 
liberated : — 

MnO, + 2SO,Ho, + 2]NraCl = SO.Nao, + 

Manganic oxide. Sulphuric acid. Sodic chloride. Sodic sulphate. 

SO,Mno" + 20H, + CI,. 

Manganous sulphate. Water. 

K in the second process a mixture of manganic oxide, 
hydrochloric acid, and sulphuric acid be employed, the whole of 
the chlorine is evolved : — 

MnO, + SO.Ho, + 2HC1 = 

Manganic oxide. Sulphuric add. Hydrochloric add. 

SO,Mno" + 20H, + CI,. 

Manganous sulphate. Water. 
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4. By the electrolysis of hydrochloric acid. 

5. Cuprous chloride, heated in air and moistened with hy- 
drochloric acid, or heated in a current of hydrochloric acid gas, 
steam, and air, produces cupric chloride. By raising the tempe- 
rature chlorine is evolved, and cuprous chloride reproduced : — 

Cn^Cl, + O + 2HC1 = 2CiiCl, -|- OH^^ 
and 20uCl, = Cu^Cl, + CI,. 

jReactians, — 1. A mixture of chlorine and hydrogen unite 
instantly, with explosion, under the influence of sunlight, or 
of powerful artificial light, or on the application of a burning 
body to the mixture. A burning jet of hydrogen continues to 
bum when plunged into chlorine, 

H, + CI, = 2HC1. 

2. Chlorine has so great an attraction for hydrogen, that it 
removes the latter from its compounds with carbon. When a 
rag moistened with turpentine is plunged into chlorine, the 
chlorine and hydrogen unite, with evolution of heat and light, 
carbon being liberated : — 

C,oH,e + 8C1, = 16HC1 + IOC. 

Turpentine. Hydrochloric acid. 



HTDBOCHLOBIC ACID, CUorlyMp Acid, Muriatic Add. 

HCl. 

Molecular weight s=36'5. Molecular volume I \ L 1 litre 
weighs 18*25 criths. Saa not been solidified. Condenses 
at IQR under a pressure of4kO atmospheres, 

Occwrrenee, — ^Evolved from volcanoes. 
Preparation, — 1. Erom its elements, as above described. 
2. By gently heating sodic chloride with sulphuric acid, pre- 
viously diluted with a small quantity of water : — 



40 OXYGEX. 

SO.Ho, + NaCl = SO,HoNao + HCl: 

Bulphnrio add. Sodio chloride. Hydrio sodio sulphate. Hydrochloric acid. 

or SO,Ho, + 2]S"aCl = SO.lS'ao, + 2HC1. 

Solphnrio acid. Sodio chloride. Sodic sulphate. Hjdroohlorio acid. 

Reactions, — Hydrochloric acid may be converted into salts 
termed chlorides by the action of certain metals as described 
above, and also by that of the metallic hydrates or oxides : — 

OKH + HCl = KCl + OH,. 

Fotaasio hydrate. Hydrochloric acid. Fotassic chloride. Water. 

ZnO + 2HC1 = ZnCl, + OH,. 

Zindc oxide. Hydrochloric acid. Zinoic chloride. Water. 

For the remaining monad elements of this Section, see 
Chapter XIV. 



CHAPTER IX. 

DYAD ELEMENTS. 

Section I. 

OXYGEN, 0,. 

Atomic weight =16. Molecular weight = 32. Molecular volume 
I \ I . 1 litre weighs 16 critha. Atomicity", Evidence 
of atomicity: — 

Water OH,. 

Potassic hydrate OKH. 

Argentic oxide OAg,. 

Hypochlorous anhydride OCl,. 

Occurrence, — In the free state in the atmosphere. In the 
combined state in water, in most mineral bodies, and in almost 
all animal and vegetable compounds. 

JPreparation. — 1. If metallic mercury be heated to its boiling- 
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point with access of air, it gradually absorbs oxygen, being 
converted into mercuric oxide, Hg'^O. This compound, when 
more strongly heated, is resolved into its elements, 

2HsO == 2Hg + 0,. 

Hercuric oxide. Meronry. Oxygen, 

2. By heating native manganic oxide (pyrolusite) a portion 
of its oxygen is liberated : — 

Hanganio oxide. Trimangamo fcetroxide. 

3. Oxygen is evolved in nature in a remarkable manner by 
the decomposition of carbonic anhydride, OOj, by the green 
leaves of plants, the vegetable assimilating the carbon, whilst 
the pxygen escapes into the atmosphere : — 





Carbonic anhydride. 


c + 0,. 


4. By the action of heat upon potassic chlorate : 


(Atomic) 


fOCl 
- 
OK 


=KC1 + 30, ( 


(Molecular) 


roci 

2-^0 
OK 


=:2KC1 + 30,. 




Potasaio chlorate. 


Fotaacdo Oxygen. 



chloride. 

5. By mixing the potassic chlorate with manganic oxide, the 
oxygen is evolved at a much lower temperature ; the manganic 
oxide appears to take no part in the reaction. 

6. By dropping concentrated sulphuric acid into a red-hot 
platinum retort, the acid is decomposed into oxygen, sulphu- 
rous anhydride, and water : — 



(Atomic) 


SO,Ho, = SO, + 


OH, 


+ 


0, or 


(Molecular) 


2SO,Ho, = 2S0, + 

Sulphurio acid. Sulphurous 


20H, 

Water. 


+ 


0,. 



anhydride. 

7. By the electrolysis of water. 
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8. By the aotion of heat upon a mixture of manganic oxide 
and sulphuric acid:— 

(Atomic) MnO,+ SO,Hoa= S02Mno"+ OH, + 0, or 
(M;olecular)2MnO, + 2SO,Ho, =2SO,Mno"+20H, + 0,. 

fanranio Solphorio Mang^ 

oxide, acid, iolpi 



Manranio Solphorio Mang^noos Water, 

ode, acid, iolphate. 



9. By heating a mixture of potassic bichromate and sulphuric 

acid: — 

rCrO,Ko 
2^0 + 8SO,Hoa = 2SO3K0, 

[ CrOjKo 

Fotaisic biohromate. Sulphuric add. Fotasaio tolphata. 

+ 28,0,('Cr"',0,)'' + 30, + 80H,. 

Chromiq sulphate. Water. 

10. By passing &team and chlorine through a red-hot porce- 
lain tube, hydrochloric acid and oxygen are formed : — 

20H, + 2C1, = 4HC1 + O,. 

Water. Chlorine. HydrocHlorio aoid. 

Iteactioh,-^K mixture of two volumes of hydrogen and one 
volume of oxygen explodes at a red heat, water being produced. 
The same compound is formed when hydrogen is burnt in oxy- 
gen or oxygen in hydrogen : — 

(Molecular) %R^ + 03 = 20H,. 



ALLOTBOFIC OXTGEN or OZONE, O3. 

Molecular weight^iiS, Molecular volume I I I . 1 litre weighs 
24 criihs. 

^Preparation. — 1. When electric sparks are passed through air 
or oxygen, a peculiar odour, which is due to ozone, is observed. 

2« By placing phosphorus in moist air at about the ordinary 
temperature for a few hours. 

3. By passing an electric ciurent through dilute sulphuric 
or chromic acid. 



Thus obtained, ozone is always mixed with a large proportion 
of air or oxygen. 

Properties. — PowerfiiUy oxidizing. It osidizea organic mat- 
ters, and the metals silver and mercnry, at the ordinary tem- 
perature. Wiien oiygeo is converted into ozone, contraction 
of volume takes place ; and wten the ozone is heated to 290°, 
it is retransforraed into the original volume of ordinary oxygen, 
■ — indicating that the moleculo of ozone contains more atoms 
tlian the molecule of ordiDary oxygen. 

lo most cases of oxidation by ozone no diminution of the 
volume of gas takes place, the additional atoms previously in- 
troduced into the molecules of oxygen being removed, and 
ordinary oiygen becoming free. But oil of turpentine absorbs 
the whole molecule of the ozone, leaving untouched the oxygen 
which was previously present in the state of admixture. By 
observing the contraction during tbe production of the ozone 
and the diminution of volume produced by absorbing it with 
oil of turpentine, the density of ozone may be readily calcu- 
lated, and consequently its atomic constitution. 

By this means the specific gravity of ozone has been shown 
to be 24, the molecular weight being therefore 48, which is the 
weight of 3 atoms of oiygen. 

In ordinary oxygon, the molecule is composed of two atoms 
if oiygen, and ia represented by 



O 



weighing 32. 



b ozone the molecule contains 3 atoms of oxygen, and ia re- 
sented by 

— O weighing 48. 

^0^ 
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WATEB, Hydric Oxide, 

H— O— H OH,. 

Molecular weight 8=18. Molecular volume i I 1 . 1 lUre of 
water-vapour weighs 9 criihs. Fuses at QP. Boils at 100**. 

Occurrence. — ^Most abimdantlj in nature. 

Formation. — 1. By the direct union of hydrogen and oxygen, 
as above. 

2. As a secondary product in numberless chemical reactions, 
as, for instance, in the action of hydrochloric acid on potassic 
hydrate : — 

OKH + HCl = OH3 + KCl. 

FotasBio hydrate. Hydrochloric acid. Water. Fotassio chloride. 

Seactions, — 1. By its action many metallic oxides are con- 
verted into hydrates : — 

OK, + OH, = 20KH. 

Potassic oxide. Water. Potassic hydrate. 

BaO + OH, = BaHo,. 

Baric oxide. Water. Baric hydrate. 

2. It transforms anhydrides into acids : — 

N,0, + OH, = 2NO,Ho. 

Nitric anhydride. Water. Nitric acid. 

so, + OH, = SO,Ho,. 

Sulphuric anhydride. Water. Sulphuric add. 

P,0, + 30H, = 2POH0,. 

Phosphoric anhydride. Water. Phosphoric add. 

3. It also unites molecularly with many compounds as 
water of crystallization (see Chapter V.), as in the following 
instances : — 

BaCl„20H2 Baric chloride. 

SO,Nao„ lOOH, Sodic sulphate. 

S,0«Ko,('Al"',Oe)^240H,... Alum. 
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HTDBOXTL, Sydric Peroxide. 



H— O- 



-O^H 



H,0, or (HO), or Ho, or { qJ * 



{ 



Probable molecular weight = 34. 

Pr^aration: — By passing a current of carbonic anhydride 
through water in which baric peroxide is suspended : — 

{§Ba" + CO, + OH, = COBao" + {§g. 

Bario peroxide. Carbonic anhydride. Water.' Baric carbonate. Hydrozjl 

JBeacttong. — 1. By heat it is decomposed into water and 
oxygen : — 

gg - 20H, + 0,. 

Hydrozyl. Water. Oxygen. 

2. Hydroxyl is transformed into water by the action of nas- 
cent hydrogen : if hydroxyl be introduced into an apparatus 
generating hydrogen, the gas ceases to be evolved ; — 

SO,Ho, f Zn +{oi = SO,Zno" + 20H,. 

Snlphorio' add. Hydroxyl. ' Zinoic sulphate. Water. 

8. Hydroxyl liberates iodine from potassic iodide : — 
2KI + {p§ = 20KH + I,. 

Potassic iodide. HydroxyL Potassic hydrate. Iodine. 

4. Hydroxyl is a powerful oxidizing agent ; it converts, for 
instance, plumbic sulphide into plumbic sulphate : — 

PbS" + 4 { gg =* SO,Pbo" + 40H,. 

Plumbic imlphide. HydroxyL Plumbic sulphate. Water. 

f 



4d COMPOUNDS OF CHLORINE WITH OXYGEN AND HYDROXYL. 



COMPOUJWS OF CHLOBINU WITH OXTGEN 

AND RTDEOXTL, 

Oxygen forms many compounds with chlorine and with 
chlorine and hydroxyl ; but none of them can be produced by 
direct combination. The following list contains all that jEa*e 
known : — 



Hypochlorous 1 q^j^ ^ 
anhydnde J ^ 

GMoric oxide? ... j oci* 



Chlorous anty- 
dride 



fOCl 
O • 
OCI 



d— 0— CI 



d— 0—0— CI 



Cl— 0— O -0— CI 



|O0l 
Chloric peroxide -"i q • 

[oci 



d— 0— 0— 0— 0— Cl 



Chloric hyper- 
oxide ? 



< 



'^OCl 

o 
o 

o • 
o 

i^oci 



Cl— G— 0— 0— 0— 0— 0— Cl 



Hypochlorous acid, OCIH, or ClHo. 

{OCI 
OH' 

fOCl f°^^ 

Chloric acid... \ qHo' ""^ | ^ • 



H— 0— Cl 
H— 0— 0— Cl 

H— 0— 0— 0— Cl 



OH 



Perchloric acid 



OCI 




H— 0— 0— 0— 0— Cl 



OHo 
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HTPOCHLOBOUS ANHTDBIDE. 

OCl,. 
Molecular weight 8=87. Molecular volume I I I . 1 litre of 
hypochhrous anhydride vapour weighs 43*5 criths. Boils at 
about 20®. 

Preparation. — Bj passing chlorine over mercuric oxide at a 
low temperature : — 

fHgCl 
2H60 + 2C1, = iO + OCl,. 

iHgCl 

Mercurio Mercuric Hypdchloroua 

oxide. oxjchloride. anhydride. 



CHLOBOUS AimTDBIDE. 

OCl 
. 

OCl 

Molecular weight =119. Molecular volume anomalous | I I | . 
1 litre weighs 39*7 criths. 

Preparation. — By gently heating in a water-bath a miltlird 
of potassic chlorate, nitric acid, and arsenious acid. Four dif 
ferent reactions are to be distinguished in this operation :' — 

ifoKo + "'O^S*' '^ {oHo + ~0,Ko.. 

Potassic chlorate. Nitric acid. Chloric acid. I^otassic nitrate. 

2. AsHog + NO.Ho = NOHo + AsOHo.j 

Arsenious add. Kitric acid. Nitrous acid. Arsenic acid. 

3. j§§J^ + NOHo = OClHo + NO^o; 

Chloric add. Nltroasadd. Chloronsadd. Nitric add^ 

fOCl 
4 2OCIH0 = \0 + OK. 

loci 

Chlorous add. Chlorous anhydride* Water. 
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CHLORIC PEBOXIDK 

OCl 

o . 

o 

OCl 
Molectdar weig'ht =135. Soils at 20°. 

Preparation. — By the action of sulphuric acid on potassic 
chlorate : — 

roci f®^^ 

3 (29 +2SO,Ho,= J +2SO,HoKo+OH,H- J 9 • 



^OCl 

Snlphnrlo Potassic Hydrio potassic Water. CI 

chlorate. 



Potasaio Snlphnric Potassic Hydrio potassic Water. Chlorio 

add. perchlorate. sulpnate. peroxideii 



HTPOCHLOBOUS ACID. 

OCIH, or ClHo. 

Molecular weight = 52*5. 

Preparation. — 1. By the action of water on hypochloroua 
anhydride :- 

OOl, + OH, ■ = 2ClHo. 

HypoohloroDS anhydride. Water. Eypoohlorona Mid. 

2. By the action of chlorine upon mercuric oxide in the pre- 

Bence of water : — 

rHgCl 
2HgO + OH, + 2CL =» -^O + 2ClHo. 

iHgCl. 

If ercnric oxide. Water. Chlorine. Mercuric Hypoohlorons 

oxjohloride. acid. 

Seactions, — 1. By the action of hydrochloric acid, chlorine 
is evolved from both the hydrochloric acid and hypochlorous 
acid : — 

ClHo + HCl == CI, + OH,. 

Hypochloroos acid. Hydrochloric odd. Chlorine. Water. 
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2. By the action of argentic oxide, oxygen is evolved from 
both compounds : — 

OAg, + 2ClHo = 2AgCl + OH, + 0,. 

Argentic Hjpochlorons Areentio Water, 

oxide. add. chloride. 

3. By the action of hypochlorous acid, metallic oxides or hy- 
drates are converted into hypochlorites : — 

OKH + ClHo = ClKo + OH,. 

Potasaio hydrate. Hypochlorous Potaisio Water. 

acid. hypochlorite. 

It was formerly supposed that hypochlorites, together with 
chlorides, were formed when chlorine acted upon certain me- 
tallic oxides and hydrates : — 

2C1, + 2CaHo, = CaCl, + Cao"Cl, + 20H,. 

Calcic hydrate. Calcic chloride. Calcic hypochlorite. Water. 

But the so-caUed chloride of lime or bleaching-powder does 
not contain calcic chloride, and the true reaction appears to be 

CaHo, 4- CI, =1 Ca(OCl)Cl + OH,. 

Caldo hydrate. Bleaching-powder*. Water. 

By the action of acids this compound yields free chlorine : — 
Ca(OCl)Cl + SO,Ho, = SO,Cao" + OH, + CI,. 

Bleaching powder. Sulphuric acid. Calcic sulphate. Water. 



CHLOBOUS ACID. 

OClHo or { g^^ . 

Molecular weight =68*5. 

Freparation. — By the action of water upon chlorous anhy- 
dride : — 

O^l r oci 

O + OH, = 2{gg^ 

OCI \OH. 

Chlorous anhydride. Water. Chlorous acid. 

E 
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CHLORIC ACID. 

fOCl 






o . 

OH 



Molecular weig%i =84*5. 

Preparation, — By tlie action of dilute sulphuric acid upon 



baric chlorate :■=— 

roci 
o 



roci 



Bao" + SO,Ho, = 2|5g^ + SO.Bao". 
^OCl 

Bario ohlorat^. Sulphuric add. Chloric acid. Baric sulphate. 

JDeeomjposifion, — By boiling, it is decomposed into perchloric 
acid, water, chlorine, and oxygen : — 

Chloric acid. Perchloric add. Water. 

Preparation of Chlorates, — 1. Potassic chlorate may be pre- 
pared by the action of chlorine upon a concentrated solution 
of potassic hydrate : — 

eOKH + 3C1, « 5KC1 + |§^^^ + 30H^ 

Fotassio Chlorine. Potassic Potassic Water. 

hydrate. chloride. chlorate. 

2. Calcic chlorate is made by passing chlorine through boil- 
ing milk of lime : — 

roci 
|o • 

6CaHo, + 6CI2 = < Cao" + 5CaCl, + eOH^ 


I^OCl 

Caldo hydrate. Calcic chlorate. Caldc chloride. WttUe. 

By the addition of potassic chloride to the calcic chlorate^ 



PERCHLORIC ACID AND FERCHLORATES. 



Si 



potasaic chlorate is formed ; tlie latter is then separated from 
the calcic chloride by cr3rstallization : — 



^OCl 




Cao" + 2KC1 = 2{gg^ + CaCl,. 
OCl 



Caloio 
chlorate. 



Potasfido 
chloride. 



Potaasio 
chlorate. 



t!aIc!o 
chlorIde> 



PEBCHLORIC ACID. 



fOCl 
[OHo 



fOCl 

o 
• 

OH 



Molecular weight =100:5. 

Preparation, — Potassic perchlorate is distilled with about 
three times its weight of sulphuric acid : — 



OCl 

O + SOjHds = 

OKo 



fOCl 

o 

OHo 



+ SOaKoz. 



Potftsne perdilorate. Bnlpharic add. Perohlorio acid Potassic sulphate. 

. • * 

The impure perchloric acid is then carefully rectified^ when 
pure perchloric acid passes over as an oily liquid towards the 
end of the operation. 

It forms with water a white crystalline hydrate. 

Preparation of Potassic Perchlorate, — 1. Potassic chlorate 
is heated gradually, and the process arrested when one-third^ of 
the oxygen present has been evolved ; the residue then contains 
potassic chloride and perchlorate : — 

r OCl 
+ ^0+0,. 
lOKb 

Potanic chlorate. Potassic chloride. Potassic perchlorate. 

x2 



MSSo - ^° 
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By crystallization the two salts are separated. 

2. When potassic chlorate is gradually introduced into boiling 
nitric acid, chlorine and oxygen are evolved, potassic nitrate 
and perchlorate being formed : — 

f on f ®^i 

3 I g^^+2NO^o=2NO,Ko+OH,+ j + Cl,+20,. 

Potasdo Kitrioacid. Potasedo nitrate. Water. Potassic 

chlorate. perchlorate. 

These salts are then separated by crystallization. 



• 



CHAPTER X. 

TBIAD ELEMENTS. 

Seotioit I. 

BOEON, B,. 

Atomic weigJit =11. Probable molecular weight a=22, Sp.gr.^ 
diamond variety, 2*68. Afomicitg '". Mvidence of ato- 
micity : — 

Boric chloride B'^CI,. 

Boric fluoride B"T,. 

Boric ethide B'^'Et,. 

Occurrence. — ^Pound only in combination with oxygen. 
Preparation : — 

a. Amorphous boron,^-l. By igniting boric anhydride with 
sodium : — 

3,0, + 3Na, = 30Na, + B,. 

Bofio anhydride* Bodiom. Sodic oxide. 



BORON. 

I i. By passing loric chloride ovor heated potassium :■ 




f 0. Diamond boron. — By fusing boric anhydride with alumi- 
nium ; — 

Reactions. — 

a. Amorphous boron. — 1. DecomposeB hot sulphuric acid : — 



B, + 3S0,Ho, = 



Bfl, + 30H, + 3S0,. 

nitric acid : — 
B, + 6NO,Ho = 2BHo, + 3Tr',0.. 

8. Decomposes alltaline carbonates, Bulphatea, and nitrates: — 



3SO,Ko, = SBKo, 

Potaastc suEpbate. TripatosHia boi 



E. 



+ 3S0,. 

?, Sulphuroiu >jih7dnde> 






4. Boron is one of the very few elements which unite directly 
with nitrogen : — 

B, + Nj = 2B"'N"'. 

Dorio nitride. 

Diamond boron. — 1. When fused with hydric potassic sul- 
borie anhydride ia formed : — 



6SO,HoKo + Bj = 

BydriopotaMiG 

No compound of boron with liydrogen baa been obtained ; 
but the chloride, bromide, and fluoride are known. 



B,0, + 3S0,Ko, + 30H, + 3S0,. 

Borin Pot-mic luJ- WMer. Bnlphiirom 

nbfdridi.'. phate, AonydridF- 
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BOBIC CHLOIUDE. 

BCl,. 
Molecular weight a=117'5 Molecular volume I I I . 1 litre 
of horic chloride vapow weigM 68'75 criths* Sp, yr. 1'35 
at T. Boils at 17°. 

Preparation, — By passing chlorine over a mixture of boric 
anhydride and charcoal heated to redness : — 

B,0, + 3C1, + C3 = 2BCI3 + 3C0. 

Borio anhydride. Bono diloride. Oarbonio oxide. ' 

Beacti(m,r—In contact with water it forms hydrochloric and 
boric acids : — 

BCI3 + 30H, = .3HC1 + BH03. 

Borio chloride. Water. mydroohloric add. Boric acid. 



BOBIC BBOUIDE. 
BBr,. 

Molecular weight ss251. Molecular volume fTl * 1 litre of 
horic bromide vapour weighs 125*5 criths, 8p,gr, of liquid 
=2-69. Soils at 90°. 

Prepared and decomposed in exactly the same way as the 
chloride. 



BOBIC FLUOBIDE. 

BF3. 

Molecular weight = 68. Molecular volwne m « 1 l^e weighs 
34i criths, 

Preparation, — 1. By strongly heating boric anhydride with 
calcic fluoride : — 

2B,03 + 8CaF, = B^Cao", + 2BP3. 

Boric anhydride. Caloioilaoride, Caldo borate. Boiio fliiaidik 
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2. By heating together tone anhydride with calcic fluoride 
and sulphuric acid : — 

B,03 + 3CaF, + 3SO,Ho, = SSOHo^Cao" + 2BF3. 

Borio Caloio 'Snlphtirio- Dihydric oaloio Boric flao- 

ftQhjdride. fluoride. acid. sulphate*. ride. 

Reaction. — ^By contact with water boric fluoride forms a 
peculiar acid, the hydrofluoboric acid^ the constitution of which 
is not well understood : — 

4BF3 + 30H, = 3(BE3,HF) + BH03, 

Borio fluoride. Water. Hjdrofluoborio acid. Boric acid. 

This acid acts upon metallic hydrates, forming salts : — 
BF3,HP + OKH = BF3,KF + OH,. 

Hydrofluoborio Fotaasdo Fotassic Water, 

add. hydrate. borofluoride. 

Possibly the boron in these compounds is pentadic; thus 
B^HF, and B'KF,. 



COMPOUNDS OF BOBON WITH OXYQEN AND 

RYDBOXTL. 



Boric anhydride B^O,. 

Monobasic boric acid 

Met^iboric acid 

Tribasic boric acid 
Boric acid 



1 BOHo. 



••} BH03. 



BOBIC ANHTDBIDE, Boracio arihydride. 



Molecular weight =70. Sp.gr, 1'83. 

Breparation* — ^By fusing boric acid at a red heat 
2BH03 = B,03 + 30II,. 

Boric acid. Boric anhydride. Water. 

* See sulphuric acid, Chap. XIII. p. 83. 
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BOBIC acid, Boracic Acid, Ortholoric Acid^ 

BHo,. 
Molecular weigJit =62. 8p, gr, 1*479. 

Occurrence, — Contained in the steam which escapes from the 
suffioni in some parts of Tuscany. 

Freparaiion, — By the addition of hydrochloric acid to a hot 
saturated solution of borax, when the acid crystallizes out on 
cooling : — 

B,0,NaO, + 2HC1 + SOH^ = 4BH03 + 2NaCl. 

Borar. Hydrochlorio Water. Bono Sodio 

add. aoicU chloride. 

JReactions. — 1. At the temperature of 100° it loses water, 
being converted into metaboric acid : — 

BH03 == BOHo + OH,. 

Boric acid. Metaboric acid. Water. 

2. By the action of metallic hydrates, oxides, or carbonates 
borates are formed. 

The mineral tmcal contains borax, an abnormal sodic borate, 
B^OjNao,, lOOH,. 

Na— 0— B B- 0— B B - 0— Na. 

A irimagnesic octohorate is knowii as the mineral loracite ; — 

0-Mg-O 

rO-N I I rO^ 

O^B B— 0— B— 0~B— 0— B B— 



Mg Mg 



t> O 
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BOBIC SXTLPHIDK 

Molecular weight =118. 

Preparation, — By passing carbonic disulpliide over a mixture 
of carbon and boric anhydride heated to bright redness : — 

2a,0, + 3CS", + 30 = 2B,S"3 + 6C"0. 

Bono Carbonic Bono Carbcnio 

anhydride. disulphide. sulphide. oxide. 

Reaction, — Boric sulphide is readily decomposed by water, 
giving sulphuretted hydrogen and boric acid : — 

B,S"3 + 60H, = 3SH, + 2BH03. 

Bono Water. Sulphuretted Bono 

sulphide. hydrogen* acid. 



BORIC NITEIDE. 

BN'". 

Molecular weight =25. 

Freparation, — 1. By heating boron in nitrogen (see p. 63). 
2. By heating together borax and ammonic chloride : — 

B,0,Nao, + 4NH,C1 = 4BN'" + 2NaCI 

Borax. Ammonic chloride. Boric nitride. Sodio chloride. 

+ 70H, + 2HC1. 

Water. Hydrochloric acid. 

Beaction. — ^When fused with potassic hydrate, boric nitride 
yields tripotassic borate and ammonia : — 

BN'" + 30KH = BKo, + NH3. 

Bono Potassio Tripotaanc Ammonia. 

• nitride. hydrate. borate. 






•• ■■..■...;' 
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CHAPTER XI. 

TETBAD SLBMENTS, 

Section I. 
CASBON, C. 

Jiomio fodgm 3=12. Mamidty "and ^\ Evidence of atomi- 
city : — 

Carbonic oxide CO. 

Carbonic tetrachloride,.. CCl^. 

Marsh-gas C*^H^. 

Chloroform CHCl,. 

Occn/rrencc^-^ln. large quantities in nature, but chiefly in 
combination. 

Three varieties of carbon are known : — 

a. Amorphous carbon. 

Occurrence, — ^In small quantities in nature as mineral 
charcoal. 

Preparation. — 1. By the action of heat on animal and vege- 
table matters, without access of air. 

2. By the action of potassium at a high temperature on 
carbonic anhydride. 

JReaction, — By treatment with a mixture of potassic chlorate 
and fuming nitric acid, it is converted into brown compounds 
soluble in water. 

/J. Chaphite, 

Occurrence. — ^As the mineral called plumbago. 

Preparation, — 1. By the action of intense heat on the 
diamond. 

2. By dissolving charcoal in melted cast iron, and subsequent 
cooling, when the graphite separates in the crystalline state. 

3. By heating the various forms of amorphous carbon in the 
electric arc. 

Beaction. — By prolonged digestion with a mixture of nitric 
acid and potassic chlorate it is converted into graphic acid, a 
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brown cryatalline body insoluble in water. Graphic acid, 
when heated in the dry state, swells up suddenly, being 
changed into pyTographitic oxide, which ia dissolved by the 
miiture of potassic chlorate and nitric acid. 

y. Diamond, 

Occurrence. — In small qaantities in natiiro. Hag not yet 
been obtained artifteially. 

Reaction. — Is not affected by a mixture of potassic chlorate 

td nitric acid. 
COMPOUNDS OJP CARBON WITH OXYGEN: 
CABBONIC A1TB7DRIDE. 
CO,. 
Molecular vseigM =44. Molecular volume I I I . 1 litre 
weighs 22 criths. Fuses at —57°. Sotlt below ilt melting- 
point. 
Oamrrsnee. — In the atmosphere, and dissolved in water. 
Ibrmation. — By the combustion of carbon and of carbona- 
oeouH substances in air or oxygen. In respiration, decay, putre- 
faction, and fermentation. Daring the formation of coal- 
Evolved from volcanoes. 

I Preparation. — 1. By burning carbon in air or oxygen : — 
C + O, = CO,. 



anlijdriilt. 

f"2. By the action of acids upon nnetallic carbonates 



FHko, + so,Ho, 

yntassic SulphurleiKld. 


= CO, 


+ OH, + SO,Ko,. 

Water. Putniwio 


COZoHo + NO,Bo 

Hydric potMiio Nitric Brfi 


= CO, 


+ OH, + NO,Ko. 

W.tcr. I-DtMliD 



2HC1 = CO, 



OH, + CaCI,. 
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Beactiom, — 1. Carbonic anhydride is decomposed by heated 
potassium : — 

3CO3 + 2K, = 2COKO3 + C. 

Carbonio anhydride. Fotassio carbonate. 

2. It acts upon metallic hydrates, forming carbonates : — '• 
CO, + 2KHo = COKo, + OH,. 

Carbonic anhydride. Potassio hydrate. Fotassio carbonate. Water. 

CO, + CaHo, = COCao" + OH^, 

Carbonic Calcic Caldc Water, 

anhydride. hydrate. carbonate. 

Carbonic acid, COHo,, is not known, 

CABBONIG OXIDE. 
CO. 

Molecular weight =28. Molecular volume I I I . 1 litre 
weighs 14 criths. 

Formation, — In the combustion of carbon or carbonaceous 
matter with a limited supply of air. In the destructive dis- 
tillation of many organic substances containing oxygen. 

Preparation, — 1. By passing carbonic anhydride over red-hot 

charcoal : — 

CO, + C = 2C0. 

Carbonic anhydride. Carbonic oxide. 

2. By passing carbonic anhydride over red-hot iron : — 

4C0, + Fe3 = ''(Te,)^0, + 4C0. 

Carbonic anhydride. Triferric tetrozide. Carbonic oxide. 

3. By heating iron or carbon with a carbonate : — 

COCao" + C = CaO + 2C0. 

Calcic carbonate. Lime. Carbonic oxide. 

4. By heating oxalic acid with sulphuric acid (by which water 
is removed from the former), and then separating the carbonic 
anhydride by washing with sodic hydrate : — 

{coll = OH, + CO + CO, 

Oxalic add. Water. Carbonic Carbonio 

oxide, anhydride^ 
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5. By heating formic acid or a formate with sulphuric acid i — 

{oOHo = OH« + CO- 

Pormio add. Water. Carbonic oxide. 

6. By heating potassic ferrocyanide with sulphuric acid:r— 
Fe"C,N,K, + 60H, + 6SO,Ho, = 6O0 

PotaMic ferrocyanide. Water. Sulphnrio acid. Carbonic oxide. 

+ 2SO,Ko, + SO,Feo" + 3S0,(NH,0),. 

Potassic solphate. Ferrous solphate. Ammonio sulphate. 

Reactions. — 1. It bums in air and oxygen, producing car- 
bonic anhydride : — 

CO + = CO,; 

Carbonic Carbonic 

oxide. anhydride* 

2. Carbonic oxide and chlorine unite under the influence of 
light (p. 30), forming carbonic oxydichloride or phosgene gasi 
COCl,. 

The compounds of carbon with chlorine, nitrogen, and hy- 
drogen will be studied in connexion with organic compounds. 



CHAPTER XII. 

PENTAD ELEMENTS. 

Section I. 

NITROGEN, Azote, N,. 

Atomic weight ssl^. Molecular weight =^2S, Molecular volume 
I I 1 . 1 litre weighs 14 criihs. Atomicity ", which, hy 
the mutual saturation of pairs of bonds, becomes redttced to 
or to ' (see p. 20). JEvidence of atomicity : — 

Nitrous oxide ONj. 

Ammonia N'^Hg. 

Ammonic chloride N'H^Cl. 



in 
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Oeeurrenes, — ^In the firee state in the atmosphere. In some 
nebulas ? In combination, in animal and vegetable bodies. 

JBreparation, — 1. By burning phosphorus in air, whereby 
the oxygen is removed fipom the latter. 

2. By passing air over ignifced copper, when the oxygen 
unites with the copper. 

3. By heating ammonic nitrite, or a mixture of ammonic 
chloride with potassic or sodic nitrite :— 

N'"0(N'H,0) =» ]Sr, + 20H,. 

Ammpnio nitrite. Water. 

NH.Cl + NONao = NaCl + N, + 20tt,. 

Amnionic chloride. Sodio nitrite. Sodio chloride. Water. 

4. By passing chlorine through an excess of solution of 
ammonia : — 

8NH3 + 3C1, =: 6NH,C1 + N,. 

Ammonia. Ammonic chloride. 



COMPOUNDS OF NITBOGHN WITH OXTGEN 

AND RTDBOXTL. 

Nitrous oxide OK. N— 0— N 



Nitric oxide* \ j^q. J| J| 



O 

I! II 

N— N 



Nitrous anhydride 



NO 

O . 



NO N— 0— N 



* This compound is anomalous ; for its molecule, deduced from the spe- 
cific gravity, is represented by NO. The dissociation which in the 

case of I^Q^ is very imperfect at 0"" C, hut almost complete at 100'' C, 

is probably nearly complete in the case of N^O, at the lowest temperature to 
which this gas has hitherto been exposed. 
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Nitric peroxide j NO*' 

fNO, 
Nitric anhydride < O . 

[no. 

Nitrous acid NOHo. 

Nitric acid NOjIIo. 



0= 

O: 

O 



:N=0 
:N=0 

o 



K_0— N 

II H 
o o 

0=Nr^O— H 




O 



NITBIC ACID, Aquafortis. 

NO,Ho. 

Molecular weight =63. Molecular volume \ I 1 . 1 litre of 
nitric acid vapour weighs 31*5 critks* Fuses at —50°. 
Boils at 84i°-5. 

Production, — 1. By the slow oxidation of nitrogenized orga- 
nic matter in the presence of powerful bases. 

2. By the passage of electric sparks through moist aic. 

Manufacture, — By distilling potassic nitrate (nitre) or sodic 
nitrate (cubic nitre) with concentrated sulphuric acid : — 

+ 



NO,Ko + SO,Ho, == 

Potassio Sulphnrio 



SO,HoKo 

Hydriopotasfio 
* )nate. 



NO^o. 

Nitric add. . 



nitrate. acid. ' sulpl 

By emplojriiig two molecules of potassic nitrate and one of 
sulphuric acid, a saving of sulphuric acid is effected, but a 
higher temperature is required, which destroys some of the 
nitric acid. The reaction takes place in two stages : — 

1. 2NO,Ko + SO,Ho, = SO,HoKo 

Potassic nitrate. Sulphuric add. Hydrio potassic sulphate. 

+ NOjKo + NO,Ho. 

Potassic nitrate. l^itric add. 
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2. SO,HoKo + NO,Ko = SO,Ko, + NO^o. 

Hydrio potaasio Bolphate. Potassio nitrate. Potaaaio anlphate. 19'itrio add. 

Decompositions, — 1. The decomposition which the nitric 
acid undergoes by heat is expressed in the following equa- 
tion : — 

4NO,Ho = 20H, + 2W^A + 0,. 

Kitrio acid. Water. Nitric peroxide. Oiygen. 

2. Bj the action of metallic oxides or hydrates, nitric acid 
produces nitrates 



OKH + NO,Ho = NO,Ko + OH,. 

Water. 



Potassic hydrate. Kitrio acid. 

PbO + 2NO,Ho 



Potasno nitrate. 

fNO 



\ Pbo" + OH,. 
I NO, 



Plumbic oxid«, Nitric Mid. Plombic nitrate. 



Water. 



NITBIC ANHTDBIDE. 

N,0.. 

FrohMe molecular weight =108. Frohable molecular volume 
m . Fuses at 2^""'^. Boils at i^^"". 

Freparation, — ^By passing dry chlorine over argentic ni- 
trate : — 



4NO^kgo + 2C1. 

Argentic nitrate. 



4AgCl + 2N,0, + O,. 

Nitric 
anhydride. 



Areentio 
chloride. 



Beaction. — ^By the action of water it forms nitric acid : — 

+ 



Nitric anhydride. 



OH, = 

Water. 



2NO,Ho. 

Nitric acid. 
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NITEOUS ANHTDBIDE. 

Probable tnoleeul'Or weight sb76. Probable molecular volume 

CD. 

Preparation. — 1. B7 heating together nitric acid and starch. 

2. Bj gently heating nitric acid with arsenious anhydride : — 

Ai,0. + 2NO,Ho = A«,0, + N,0, + OH,. 

AneniouB Kitrio acid. Arsenio Nitrons Water, 

aahjdride. anhydride. anhydride. 

3. By the action of nitric acid on silver : — 

6NO,Ho + 2Aga = 4NO,Ago + N^O, + 30H,. 

Kitrio aoid. Argentio nitrate. Kitrons anhydride. Water. 

NTTBOUS ACID. 

NOHo. 
Moleeular weight =347. 

' Preparation. — ^By mixing liquefied nitrous anhydride with a 
small quantity of water : — 

N,0, + OH, - 2NOH0. 

Nitroos anhydride. Water. Nitrons acid. 

Deeompositions. — 1. In the presence of much water, nitric 
acid and nitric oxide are formed : — 

8NOH0 = NO^o + W,0, + OH,. 

Kitronsaoid. Nitric add. Nitric oxide. Water. 

2. !N'itrous acid acts as a reducing agent under some circum- 
stances : — 

2NOH0 + 0, = 2NO,Ho; 

Nitrons add. Nitric add. 

and as an oxidizing agent under others : — 

4NOH0 = 2'N",0, + 20H, + O,. 

Nitrous add. Nitric oxide. Water. Oxygen. 

8. By the action of metallic oxides or hydrates, nitrous acid 
forms nitrites :— 

OKH + NOHo Bi NOKo + OH,. 

no hydrate. Nitrons add. Potassic nitritei Water. 
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NITROUS OXIDEi Laughing Gas. 

ON,. 

Molecular toeight =44. Molecular volume rn » 1 Kfrtf u>eigis 
22 criths. Fuses at -lOP, BoOs at —88"*. 

Preparation, — 1. By the action of dilute nitric acid on zinc : — 
lONO^o + Zn, = OK + 4>\ Zno* + 60H,. • 

Kitrioaoid. ITitroot oxide. Zinao nitrate. WMcTt 

2. By heating ammonic nitrate : — 

NO.CN^H.O) = 20H, + ON,. 

Anunonio nitrate. Water. Kitroaa oodde. 



NITBIC OXIDE. 

1 NO' ^ ^' 

Molecular weight =60. Molecular vohme (mnuihms j-W' 
1 litre weighs 15 eriths. 

Preparation, — ^By the action of nitric acid upon mercury op 
copper: — 

fNO, 
8Cu + 8NO^o = 8-^Cuo'' + TT'fi, + 40H,. 

I NO, 

Nitric add. Cnprio nitrate. Kitrio oxide. Water. 

Beaetton. — Unites directly with oxygen: — 

2'Wfi, + 0, = 2N"',0,: 

Kitrio oxide. Nitrous anhydride. 

'N",0, h B WA- 

itno ond Kitrio peroxide. 
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NITBIC PEROXIDE. 



{ggsorW^O,, 



Molecular weight =iQ2, Molecular volume I I I to — ^ 1 liprp 
weigJis 23 to 46 criths, 

Preparation, — 1. By the union of nitric oxide with oxygen 
(see above). 
2. By the action of nitric acid upon tin : — 

Sn, + 20NO,Ho i= Sii,0,Ho,o + 50H, + lOW^O,. 

Nitric add. MetaBtannic acid. Water, Nitric peroxide. 

Decomposition. — By the action of metallic hydrates and 
oxides it produces nitrites and nitrates : — 

W^,0, + 20KH ^ NO,Ko + NOKp + OH,. 

Nitric Potassio Potassio Potassic Water* 

peroxide. hydrate. nitrate. nitrite. 



coMPovims coNTAmmo nitboqen, gblo- 

BIKE, AND OXYGEN. 

« 

NITBOUS QZTCHLOBIDE, OMoronifrom Gag. 

NOCl. 

Molecular toeigM =66'5. Molecular volume m * 1 H^c 
weighs 82*76 criths* Soils at 0°. 

A mixture of nitric and hydrochloric acids possesses the 
property of dissolving gold, and is therefore called aqua regia ; 
when heated it evolves chlorine and nitrous oxychloride : — 

NO^ + 8HC1 « NOCl -h 20H, + CI,. 

Nitric acicL Pydrochlorio Nitrous Water. 

acid. ozyohloride. 

v2 
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NITRIC DI0Z7-TETBACHL0BIDE, OhhronUric Gas, 

Preparfl(d, together with nitrous oxychloride, by heating a 
mixture of nitric and hydrochloric acids : — 

2NO,Ho + 6HC1 ^ "»\OJ0\, + 40H, + CI,. 

KitarioaoicL Hydrochloric aoid. Chloronitrio gas. Water. 

NITBIC DI0X7CHL0BIDE, Chloropemitric Gas. 

NO.Cl. 

Pr^pmration. — "Bj mixing phosphoric oxjtrichloride and 
plumbic nitrate :— 

fNO, 
S^Pbo" + 2PCL0 =. P,0,Pbo", + 6N0,C1. 
I NO, 

- Plumbic nitrate* Phosphorio Triplumbio Kitrio 

oiytrionloride. diphosphate. dio^ohloride. 
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AKKOmA, 

NH3. 

Molecular weight = 17. Molecular volume rn * 1 U^^ weighs 
8-5 criths. Fuses at —75°. Soils at -38°-6. 

Occurrence. — ^In the atmosphere in very minute quantities. 

Formation, — By the decay of animal and vegetable matters 
containing nitrogen. 

Manufacture, — By the destructive distillation of animal 
matter, as horn or bones, and of vegetable matter, as coal. 

Freparation, — By heating a mixture of lime and ammonic 
chloride (sal-ammoniac) : — 

2NH,Cl + CaO =a CaCl, + 2NH3 + OBt,. 

Ammoiuo Lime. Calcic Ammcmia. Water, 

chloride. chloride. 



AMMONIC AMALGAM, 
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Reactions, — 1. Decomposed by chlorine (see p. 62). 
2. Unites directly with acids, forming the ammonium salts in 
w hich the atomicity of nitrogen is " :— 



N'"H3 + HCl = 

Hydrochloric add. 

N"'H, + WCHo = 



2N"U 



Nitric add. 
Snlphnric add. 



JTH.Cl. 

Amnionic chloride *. 

N'0,(N'H,0). 

Anunonic nitrate t> 

SO,(N'H,0),. 

Amnionic sulphate X. 



AKuoimnE. 

fNH, 

This monad radical has never been obtained in the free state, 
but its compounds are perfectly analogous, in crystalline form 
and other properties, to those of potassium. These facts 
have induced some chemists to consider the group NH^ as a 
metal, to which they have given the name ammonium — an hypo- 
thesis which is considered to receive support froin the production 
of an unstable amalgam of this radical. All the compounds of 
mercury with metals are found to possess metallic lustre ; and 
this is also the case with the amalgam of ammonium. It may 
be prepared by two different processes. 

1. If a solution of ammonic chloride be electrolyzed, the 
negative electrode being mercury and the positive a platinum 



H 

* H— N— H 

/ \ 
H CI 



H O 

I II 

t H- N— O— N 



H 



H 
J H— Jr— O— S— O— N-H 



H H O 



H 
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plate, tlie mercurj is obseryed to swell up, owing to the forma- 
tion of a spongy metallic mass. 

2. Bj preparing an amalgam of potassium or of sodium, and 
pouring it into a slightly warmed solution of ammonic chloride, 
the amalgam is found to swell enormously, potassic or sodic 
chloride being simultaneously formed : — 

Hg„Na« + mNH.Cl « Hg„(N^HJ„ + mNaCl. 

Sodio amalgam. Ammonic chloride. Ammonic amalgam. Sodio chloride. 

Ammonic amalgam rapidly decomposes into mercury, am- 
monia, and hydrogen, the ammonia and hydrogen being liberated 
in the proportions of 2NH3 to H, : — 

2Hg,pHJ^ = 2nHg + 2mNH3 + mH,. 

Ammonic amalgam. Mercnrj. Ammonia. 

Ammonium plays the part of a compound monad radical, and 
its salts are isomorphous with those of potassium; they are 
all volatile, unless the acid from which they are derived be 
fixed. 



COMPOUND OF NITROGEN WITH CRLOMNE. 

KITEOUS CHLORIDE. 

NCI3? 

Preparation, — By the action of chlorind upon ammonic 
chloride : — 

rrH,a + aci, = n"ci, + 4HC1. 

Ammonic chloride. Nitrous chloride. Hydrochloric aotd. 

The formula •f this compound is not fixed with certainty ; it 
may contain hydrogen, and it is possible that the two compounds 
intermediate between ammonia and nitrous chloride may exist: — 

NH3, NHjCl, NHCL,, NCI3. 



COMPOUND OF mTBOGES' WITH lODHTE AND 

RTDBOaEJSr. 

iriTEOUS HTDBODINIODIDE. 

JBreparaHon^ — By the action of ammonia on iodine a brown 
substance is obtained, which has the composition IXRl^. It is 
formed according to the following equation j — 

3NH, + 21, = NHI, + 2NH,I. 

Ammonia. Kitrons Ammonio 

bjdrodiniodide. iodide. 



CHAPTER XIII. 

HEXAD ELElCBirrS. 

Sectioit I. 

SULPHUR, S^ 

Atomic ioeighi « 32. Moleeular weight =» 64. Moteoular volume 
m at 1000°, hut only one-third of this at its boiling^ 
point. 1 litre of sulphur vapour weighs 32 criths. Bhom- 
hoidal variety fuses at 114^*5 and boils at 445°« Atomicity 
" *^ and '^. Evidence of atomicity :-^ 

Hydrosulphuric acid i S'^Hj. 

Triethylsulphine iodide ff^EtJ. 

Sulphuric dioxydichlcJride S^^O^Clj. 

Sodic nitrosulpbate 8^0 (NO)jSraOy 

Occurrence. — ^Found in the free state in volcanic districts, 
and widely diffused in combination with metals and otygen, as 
sulphides and sulphates. 

Manufactured from native sulphur, and from 

Iron pyrites TeS'\, 

Copper pyrites (PeOu)S'V 
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Character, — Sulphur is capable of existing in several allo- 
tropic forms, of which the following are the most important :— - 

Condition. Speciflc gravity. ^ffi"^JjS<S^ 

a. Octohedral 2*05 Soluble. 

/3. Prismatic 1*98 Transformed into n, 

y. Plastic 1*95 Insoluble. 

d. Powder 1*95 Insoluble. 

When united exclusively with basylous elements or radicals, 
sulphuir is almost invariably a dyad ; and it is then the analogue 
of oxygen, as will be seen from the following formulae : — 

Oxygen compounds ... OK^, OKH, COj, COKOj. 
Sulphur compounds ... SK,, SKH, CS''^, CSKs,. 



COMPOUNDS OF sul:phub with fositike 

ELEMENTS. 

Sulphuretted hydrogen SH.^. 

Hydrosulphyl 'S'^H^, or HSj. 

Carbonic disulphide C^'\. 

SULFHUBETTED HTDBOGEN, Hyd/rosulphuric Acid, 

SulpTihydric Acid. 

Sllj. H — S — H.« 

Molecular weight = 34. Molecular volvme m . 1 litre weighs 
17 critha. Solid at --85°*o. Liquid under a pressure qf 
17 atmospheres at 10°. 

Occurrence, — ^Evolved with other gases from volcanoes and 
f umaroles. Found also in hepatic mineral waters,and frequently 
in waters which contain both organic matters and sulphates. 

Freparation, — 1. By direct union of its elements : — 

H, + S = SH,. 
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2. By the action of hydrochloric or dilute sulphuric acid on 
ferrous sulphide : — 

PeS" + 2HC1 = SH^ + PeCl,. 

Ferrous Hydrochloric Snlphuretted Ferrous 

sulphide. add. hydrogen. chloride. 

PeS" + SO,Ho, = SH, + SO^Feo". 

Ferrous Sulphuric Sulphuretted Ferrous 

sulphide. acid. hydrogen. sulphate. 

3. By the action of hydrochloric acid on antimonious sulphide 
with the aid of a gentle heat : — 

Sb,S"3 + 6HC1 = 3SH, + 2SbCl3. 

Antimonious Hydrochloric Sulphuretted Antimonious 

sulphide. add. hydrogen. chloride. 

Beactions. — 1. It is immediately decomposed by chlorine, 
thus: — - 

SH, + CI, = 2HC1 + S. 

2. It is also rapidly decomposed by many metallic compounds 
rich in oxygen, such as ferric oxide : — 

Tc^'^O, + 3SH, = 2PeS" + S + 30H,, 

Ferric oxide. Sulphuretted Ferrous , Water. 

hydrogen. sulphide. 

3. The sulphhydrates and sulphides of the metals are produced 
by the action of hydrosulphuric acid on the hydrates and 
oxides, thus : — 

OKH 4- SH, = SKH + OH^. 

Fotassic Sulphuretted Potassio Water, 

hydrate. hydrogen. sulphhydrate. 

Ballo, + 2SH, == BaH8, + 20H,. 

Baric hydrate. Sulphuretted Baric Water. 

hydrogen. sulphhydrate* 

OAg, + SH, = SA{r, + Off,. 

Argentic Sulphuretted Argentic Water, 

oxide. hydrogen. sulphide. 

CuO + SH, = OuS" *+ OH,. 



etted Cur 

oxide. hydrogen. sulpt 



Cuprio Sulphuretted Cupric Water. 

'iKide. 
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HTDSOSULPHTL, Bydric Permlphide. 
'S;H„ or Hs,. 

H— S— S— H. 

FrohMe molecular weight =66. 8p. gr, 1*769. 

JBreparation, — ^By pouring a solution of calcic disulphide 
into hydrochloric acid : — 

'S'.Ca" + 2HC1 « 'B\B., + CaCl,. 

Caldo disulphide. Hydrochlorio acid. Hydrosolphyl. Oaldo chloride. 

Character. — It is the analogue of hjdroxyl in composition 
and functions. 

HYFO-SULFHUEOtJS HTDEOSULFHATE. 

fHs 

SHs„ or { S" . 

[Hs 

Frohahle molecular weight =98. 

Freparation, — When a cold saturated solution of strychnine 
in alcohol is mixed with an alcoholic solution of yellow am- 
monic sulphide, a crystalline compound is formed containing 
CaiHj^N^Oa, HjSj,. By the action of sulphuric acid upon this 
compound, hyposulphurous hydrosulphate is liberated as a 
yellow oily body. 

CABBOKIC DISULPHIDE, Bisulphide of Carbon. 

CS,. 

Moleculat weight =76. Molecular volume rn « 1 litre of 
carbonic disulphide vapour weighs 38 criths. Specific gravity 
of liquid 1-293, Boils at 46°'6. 

^Preparation. — 1. By passing sulphur over strongly ignited 

charcoal : — 

C + S, = CS\. 

Carbonic 
disulphide. 
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2. By heating together charcoal and irQU- or copper-pjr 
rites : — 

C + 2PeS", = OS", + 2PeS". 

Ironji^jntes. Carbonic Ferrous 

Ferric aisulphide. disulphide. sulphide. 

Decoinpositions, — 1. Heated potassium bums in the vapour 
of carbonic disulphide, with formation of potassic sulphide and 
liberation of carbon : — 

OS", + 2K, = 2SK, + C. 

Carbonic disulphide. Potassic sulphide. 

2. When brought into contact with a solution of an alkaline 
hydratci carbonic disulphide is decomposed, a carbonate and a 
sulpho-carbonate being formed ; — 

60KH + 3CS", = 2CS"Ks, + COKo, + 30H,. 

Potassic Carbonic Potassio Potassic Water* 

hydrate. disulphide. sulpho-carbonate. , carbonate. 

3. In contact with solutions of alkaline sulphides, carbonic 
disulphide also forms alkaline sulpho-carbonates : — 

SK, + OS", « OS"Ks,. 

Potassic sulphide. Carbonic disulphide. Potassic sulpho-carbonate. 

4. When the vapour of carbonic disulphide is passed over 
heated calcic hydrate it is decomposed, carbonic anhydride and 
sulphuretted hydrogen being evolved : — 



cs, + 


20aTTo, 


= 


2CaO 


+ CO, + 2SU,. 


Carbonic 
disulphide. 


Calcic 
hydrate. 




Calcic 
oxide. 


Carbonic Sulphuretted 
anhydride. hydrogen. 



SUIf HO^ASBONIC ACID. 

OS"H8,. 

Preparation. — By the action of hydrochloric acid on amnionic 
sulpho-carbonate : — 

OS"(NH«S), + 2HC1 = OS"Hb, + 2NH,C1. 

Anunonic Hydrochloric Sulpho-carbonio Ammonic 

snlpho-oarbonate. acid. acid. chloride. 
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COMFOUNDS OF SULFRUR WITH OXTGHIT AND 

STDBOXTL, 

In these compounds the sulphur is either a dyad, a tetrad, 
or a hexad. 

Sulphurous anhydride SO,. 0=S=0 

O 

Sulphurous acid SOHo^. || 

H— 0—8-^0— H 



Sulphuric anhydride! SO,. || 

0:=S=0 





Sulphuric acid. {Hydrw 1 g^ jj ^^o-S-O-H 

sulphate.) J * * n 





o o 



Nordhausen sulphuric fSOjHo 
acid. {BiHydric di-^O . H— 0— S— 0— S— O— H 

sulphate.) [SO^Ho || || 

O 

s 



Hyposulphurous acid. | gg^'OHo,. H-0-S-O-H 
(Sulphosulphurtc acta.) J ■ 




O O 



o o 

o 

TritWonic acid. (Sul- 1 f,P»^^° H-O-S- S-S-O-H 
phodtthtomc acta.) ... sO Ho II II 

O O 
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Tefcrathionic acid. 
{Disulphodithi- 
onic acid,) 





II II 

H— 0— S— S— S— S—0— H 

SO,Ho 11 I 



^ SO.Ho 



Pentathionic acid. 



fSO^o 

S" II II 



(THsulfhodithU^^ S" . H— 0— S— S— S— S— S— O—H 

onicacid.) | S" |j j| 

|^SO,Ho 



SULFHUItOirS ANHTDBIDE. 
SO,. 

Molecidar weight =^64i. Molecular volume I I i . llitre weighs 
32 criths. Solid at — 76°. Liquid under the pressure qftufo 
atmespheres at 7°. 

Occurrence, — 1. As a volcanic product. 

2. In the air of towns. 

3. Evolved in the roasting of copper pyrites and other sul- 
phureous ores. 

Preparation. — 1. By the combustion of sulphur in air or in 

oxygen :— 

S + 0, =» SO,. 

2. By heating sulphuric acid with copper or mercury :— 
2SO,Ho, + Cu = SO, + SO,Cuo" + 20H,. 

Balphurio acid. Sulphurous Cuprio sulphate. Water. 

anhydride. 

2S0,Ho, + Hg = SO, + SO^Hgo" + 20H;. 

Sulphuric acid. Sulphurous If erourio sulphate. Water. 

anhydride. 

8. By heating charcoal with sulphuric acid : — 

2S0,Ho, + C =: 2S0, + CO, + 20H,, 

Sulphuric add. Sulphurous Carbonio Water. 

anhydride. anhydride. 
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4. By heating a mixture of about three parts by weight of 
sulphur (two atoms) with four of manganic oxide (one mole* 
cule) : — 

S, + MnO, m. SO, + MnS". 

Manganic oxide. Snlphnroas luihydride. Manganoiu sulphide. 

Beactions. — 1. Dissolved by water, producing an acid liquid 
which, when cooled to 0°, deposits white cubical crystals of 
sulphurous acid :— 

SO, + OH, = SOHo,. 

Solphurons anhydride. Water. SalphnrouB acid. 

2. Sulphurous anhydride, when passed into solutions of the 
metallic hydrates, produces sulphites. If the sulphurous an- 
hydride be in excess, an acid sulphite is obtained : — 

OKH + SO, = SOHoKo. 

Potassio hydrato. Solphuroiu anhydride. Hydrio potassic sulphite. 

3. If the metallic hydrate be in excess, the normal sulphite 
is formed, thus : — 

20KE + SO, = SOKo, + OH,. 

Tnal 
sal] 

4. Sulphurous acid, when acted upon by metallic hydrates, 
produces the same salts : — 

OKH + SOHo, = SOHoKo + OH,: 
20KH + SOHo, = SOKo, + 20H,. 

6. Sulphurous anhydride, when passed over metallic per- 
oxides, produces sulphates : — 

PbO, + SO, « SO,Pbo". 

Plumbic peroxide. Sulphurous anhydride. Plumbic sulphate. 

Detection. — Sulphites are recognized by the pungent odour 
of sulphurous anhydride which they evolve on the addition of 
a strong acid, such as sulphuric acid : — 

SOKo, + SO,Ho, = SO,Ko, + SO, + OH,. 

Potassic Sulphurto Potassic Sulphurous Water, 

•idphite. acid. sulphate. anhydride. 



Potassic hydrate. Sulphurous anhydride. Normal potassic Wptter, 

Iphite. 
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When BolutiouB of sulphites are mixed with solution of 
argentic nitrate, a white precipitate of argentic sulphite is 
fonne4 • — 

SOKo, + 2WrO,Ago = SOAgo, -f 2NO,E:o. 

PotaaoU) Argentic Argentic Fotassic 

sulphite. nitrate. Bol^hite. nitarate. 

When this argentic sulphite is boiled with water, it becomes 
black, owing to the separation of metallic silver : — 

SOAgo, + Oa, = SO,Ho, + Ag,. 

Argentic sulphite. Water. . Sulphuric acid. 



SULPHUBIC AITHTDBISE. 

SO3. 

Molecular weight =80. Molecular volume I I 1 . 1 litre* of 
sulphurig (mk^dride vapour uoeigJis 40 crith9, Ihises at 
24°-6. Boils at 52'''6. 

Preparation, — 1. By passing a mixture of sulphurous anhy- 
dride and oxygen over ignited spongy platinnm :- 

SO, + =. SO,. 

Snlphinpons anhydride. Sulphuric anhydride. 

2. By heating Nordhausen sulphuric acid : — 

fSO^Ho 

1 2^ XT " *®»^^» + ®^»- 

lSO,Ho 

l^ordhausen Sulphuric acid. SiUphurio 

•ulphnrio aoid. anhydnde. 

3. By heating the so-called anhydrous sodic bisulphate 
(disodic disulphate) : — 

SO^ao 

=9 SO-Nao^ + SO3. 

SO^Nao 

Anhydrooi iodic biwlphate Sodic sulphate. ^W??® 

(Diaodipdifiaf^luite). anhydnde. 
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4. By heating sulphuric acid with phosphoric anhydride :■ 
SO.Ho, + P,0, = SO3 + 2P0,Ho. 

Sulphuric Phosphoric Sulphuric Meta-phoiqphorlo 

acid. auhydride. anhydride. add. 



SULFHXrBIC ACID. 

SO,Ho,. 

Molecular weight =98. Molecular volume 

1 litre of sulphuric acid vapour weig%B 24*5 criths, 8p. 
gr. 1-85. BoiU at 325^ 



Dissociation. 



Preparation, — 1. By the action of hydroxyl upon sulphurous 
anhydride : — 

SO, + Ho, « SO^Ho,. 

Sulphorooa anhydride. HydroxyL Sulphuric add. 

2. By the exposure of a solution of sulphurous acid to air 
or oxygen : — 

SOHo, + « SOjHo,. 

Sulphurous add. Sulphuric add* 

3. By the addition of water to sulphuric anhydride : — 

SO3 + OH, = SO,Ho,. 

Sulphuric Water. Sulphuric 

anhydride. acid. 

4. By the action of nitric peroxide and oxygen on sulphurous 
anhydride and subsequent decomposition by water of the white 
crystalline compound thus produced (Briining and De la 
Provostaye) : — 

rso,(N'Oj 

2S0, + W,0, + =3 . 

lS0,(N'0,) 

Snlphnroui Nitrio White cmtaUlne 

uihydnde. iwronde. oompound. 



I 
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O + 20H, = 2SO,Ho, + N,0,. 

SO/N'O,) 

MThite orystalline Water. Sulphorio Nitrous 

oompoand*. acid. anhydride. 

In the manujGMstiire of sulphuric acid on the large scale, the 
nitrous anhydride is again acted on bj water and transformed 
into nitric acid and nitric oxide : — 



SNA 


+ 


OH, = 


= 2N0,Hd 


+ 


2'N",0,- 


Nitrous 
anhydride. 




Water. 


Nitric add. 




Nitric oxide. 



The nitric oxide, by the action of oxygen, reproduces nitric 
peroxide, which is then ready to undergo the same processes a 
second time. The nitric acid is at the same time reduced to 
nitric peroxide by the action of sulphurous anhydride : — 

SO, + 2WrO,Ho = SO,Ho, + W%0,. 

Snlphoroas Nitric add. Solphurio Nitric 

anhydride. add. perotide. 

The crude sulphuric acid may be freed from traces of nitrous 
anhydride (which it always contains) by the addition of some 
ammonic sulphate : — 

SO,(NH,0), + Nfi, = SO,Ho, + 30H, + N,. 

Amnumic tolphate. Nitrous Sulphuric Water. 

anhydride. add. 

Character, — Sulphuric acid forms several classes of salts : — 

O 



^pSte^!'!'^^^^^ H-0-8-0-K 

O 





14-oXI 

A •'! 1 « 
o o o o 

G 
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O 



Pofcassic sulphate... SO.Ko,. K—- O— S— 0~K 



O O 

Anliydrous sodic bi- 

sulpliate. (Disodic^ 
disidphate.) ..:... 



fSO.N'aa 
O 
SO,Kao 



O ' . Nar-O— S— O— S— 0— Na 



V I 



o 



Zincio sulphate S0;2ao", ^'"n /=> 

o 

Tetrabasic zincic sul- "j ^ 

phate. (JDissincio \ SOZno'V Zi/^a^^Zn 



:Zn 

c/ '^n 

Hexabasic zincic sul- c ^\ /^ 

phate, (Trimde \ SZao",, 0'/\'0 

sulphate,) I i / \ I 

Zn/ \Zii 



H 

A 



^ H 

ystallized gypo yOv I/O 

sum. (Tetrahydric V SHo^Cao", ^Kn/^n 

calcic sulphate,) ... J I Ng; 



» . » 



k 
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■fc 


j 


Gypaum dried at l 
100°. {DihydHc t SOHojCao". 
ealoic stt^hale.) ...J 





P 


i 


GjpBum dried at 1 

260". {Calaia ml- I SO.C.o". 

_s*c'«.) 1 


<l 



y 

r HIPOSDLPHTTBOUS ACID, SalphosulphuHc Acid. 

SS"OHo, {bypotheticiil). 
Preparation of WypoauJphitei {Sulpkoiulphateii). — I. By boil- 
ing a solution of sodic aulphite with sulpliur : — 
SONao, + 8 = SS"ONao,. 

This formula for aodic hypoaulphite is only true of tho salt 
after espoaure to a temperature of 215°. The compoaition of 
tho salt at first formed appears to be SS"HojNaOj. These 
remarks apply also to the formula of calcic hyposulphite given 
below ; but plumbic hyposulphite contains no hydrogen and, 
. after drying at 100°, has the formula SS"OPbo". 
^^H Si By exposure of an alkaline peraulphide to the air ; — 
^^ 'S',Ca" + O, = SS"OCao". 

penulphidp. hypoaulphite, 

SeacHon. — Tho hyposulphites, when acted upon by acids, 
evolve Bulphuroua anhydride, whilst sulphur ia precipitated; — 
S3"0]Sfao, + 2HC1 - 2NaCl + OH, j- S + SO, 



Bodic hjpoiulphile HydroohlDiia 



(Sodi. 



■alphatrj' 



cthlsridi- 



iulphurofla 
uihfdn'di' 
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DITHIONIC ACID, Sypoaulphurie Acid. 

'S\0,Ho,. 

Preparation, — Powrdered manganic oxide is suspended in 
water and a current of sulphurous anhydride passed through 
the liquid, when the manganic oxide gradually dissolves. The 
solution contains manganous dithionate or hypdsulphate : — 

MnO, + 2S0, = 'S%0,Mno". 

SCanj^aiiio Solphuroos Manganous • 

oxide. anhydride. dithionate. 

This solution is next treated with baric sulphide, which pre- 
cipitates manganous sulphide, baric dithionate existing in the 
solution :— 

'S%0,Mno" + BaS" « MnS" + 'S%0,Bao". 

Manganous dithionate. Bario sulphide. Mangaooos sulphide. Bario dithionate. 

By adding sulphuric acid to a solution of the baric dithio- 
nate, baric sulphate is precipitated and dithionic acid remains 
in solution : — 

'S^,0,Bao" + SO,Ho, « SO,Bao" + 'S%0,Ho,. 

Bario Sulphuric Bario sulphate. Ditiiionio aoid. 

dithionate. add. 



TBUHIOIinC ACID, Sulphodithiome Acid, 
Sulphuretted Hypotulphuric Aeid. 

f SO,Ho 

[SO^O 

Preparation. — "Bj digesting hjdric potassic sulphite with 
sulphur, potassic trithionate and potassic hyposulphite (sul- 
phosulphate) are formed : — 

f SO,Ko 
6SOK0H0 + 2S = 2 -^ S" + SS"OE:o. + BOH.. 

I SO,Ko 

Hrdric potassic Fotasdo Potassic Water. 

sulphite. trithionate. Hyposulphite. 
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The two salts so produced, when decomposed by hydrofluo- 
silicic acid, yield trithionic acid, sulphurous acid, and sulphur: — 

rso,Ko 

SS"OKo, + 2 ^ S" + 3H,Si»^Fe = 8K,Si»^F, 

ISO^Ko 

Potaasio Potaasio Hydrofluoailioio Fotaasio 

hTpoflolphite. trithionate. add. ailicoflnoride. 

r so,Ho 

+ 2-8" + SOHo, + S. 

ISO^o 

Trithionic add. Snlphnrous 

add. 



TETEATHIONIC ACID, BisulphoditUonic Acid, 
Bisulphuretted Hyposulphtmc Acid. 

rso^Eo 

^SO,Ho 

Prefmration, — ^When iodine is added to baric hyposulphite 
(sulphosulpjuite), baric iodide and baric tetrathionate are pro- 
duced : — 

28S"OBao" + I, = Bal, + j g» Bao". 

Bario hTposnlphite. Bario iodide. Bario tetrathionate. 

This salt, when decomposed by sulphuric acid, yields tetra- 
thionic acid. 

PENTATHIONIC ACID, TrisuJ^hodithionic Add, 
Trisulphuretted HyposuJ^huric Acid, 



{ 

I S" 
L SO,Ho 



SO,Ho 

8" 
S" 
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■Preparation. — This acid is obtained by the action of hydro. 
Bulphurio acid on Bulphnrons anhydride:— 

rso^o 

. S" ' 
5SH, + 5S0, = < S'' + 40H, + S,. 

^ SO,Ho 

Bolphnretted SolphiurouB Pentathionio aoid. Water, 

hydrogen. anhydride. 



SELENIUM, Se^. 

Atomic weight =79. Molecular weight =158. Molecular vo- 
lume nn « 1 lit^c of seleni'um vapour weighs 79 criths. 
Sp, gr, 4-3. T'uscb a little above 100°. Boils at ahout 700°. 
Aiomidty ", *^, and ^. JEvidence of atomicity : — 

Hydroselenic acid Se"Hj. 

Selenious chloride Se^^Cl^. 

Selenicacid Se^OjHo,. 

Occurrence. — ^In small quantities in some mineral sulphides. 



COMPOUNDS OF SELJENIUM WITH HTBBOGEJST 

AND CRLOEINE. 

SELENIUBEITED HTDROaEN, Hydroselenic Acid. 



Molecular weight ss81. Molecular volume m - 1 ^^^ weighs 
40*5 criths, 

Frepa/ration, — ^By the action of hydrochloric acid upon fer- 
rous selenide : — 

PeSe" + 2HC1 « SeH, + PeCl,. 

Feiroas selenide. Hydrochlorio Hydroselenio Ferrous ohl(nide. 

add. add. 

Character, — Like hydrosulphuric acid, it produces precipi- 
tates in solutions of most of the heavy metals. 
There are two chlorides of selenium : 'Se'^Cla and SeCl^. 



TEXiLV&IUM. 87 



ooMPoirm>s of aELJENiuu with oztghust 

AND BTDBOXTL. 

SeleniouB ankydride SeO,. 

Selenious acid SeOHo.. 

Selenioacid SeO^Ho,. 

These bodies closely resemble the corresponding sulphur 
compounds. 

Selenious anhydride is formed by burning selenium in oxy- 
gen:— 

Se, + 20, « 2SeO,. 

Selenious 
anhydride. 

Selenious acid is formed by dissolving the anhydride in boil- 
ing water and crystallizing. 

Fotassic ifteleniate is prepared by fusing selenium or metallic 
selenides with nitre. The aoid is obtained by transforming the 
potassic salt into a plumbic salt, and subsequently decompo- 
sing the latter with hydrosulphuric acid. 



lELLUBIUK, Te,. 

Atomic weight a 128. Molecular weight =256. 8p, gr, 6*2. 
Futes at 490°-S00^. Atomicity ", *', and"^. Evidence of 
ahmioitg : — • 

Hydrotelluric acid To"H,. 

Tellurous chloride Te^'Cl^. 

Telluric acid Te^O,IIo,, 

This element is of even less importance than selenium, which 
it closely resembles. 
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The following compounds are known : — 

Hydrotelluric acid (telluretted hydrogen) TeH^. 

Hypbtellurous chloride TeClj. - 

Tellurous chloride TeCl^. 

Tellurous anhydride TeOa- 

Telluric anhydride. ::.;...:. TeOj. 

Tellurous acid ....:..;:.......::.. TeOHo^,? 

Telluric acid .......:....:::;....:.;.... TeO^Hoj. 



CHAPTER XIV. 

"HLO^IlD ELEICBNTS. 

Section II. {continued from Chap. VIII.). 

BBOiaNE, Br,. 

Atomic weight =80. Molecular weight =;160. Molecular t?o- 
lume nri ' 1 lit'^c of bromine valour weighs 80 criths. 
Sp, gr. 318. Mses at — 20°. JBoih at 63°. Atomicitg '. 
Evidence of Atomicity : 

Hydrobromic acid HBr. 

Potassic bromide. KBr. 

Argentic bromide AgBr. 

Occurrence, — In small quantities in some saline mixieral 
waters. In sea- water, and the waters of the Dead Sea. 

Preparation, — 1. By the treatment, with chlorine, of the 
mother-liquors of saline waters containing bromides, and ex- 
tracting the liberated bromine by ether : — 

2KBr + CI, = 2KC1 + Br,. 

Fotasno bromide. Fotaesio chloride. 
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2. By heatiDg together Bulphiiric acid, sodic bromide, and 
maDgaDic oxide : — 

2NftBr + MnO, + 2SO,Hoa « Br, 

Bodic bromide. SCangaiiio oxide. Bnlphuric add. 

+ SO^ao, + SOjMno" + 20H,. 

Bodie sulphate. SCanganous sulphate. Water. 

Chdraeter.-^Bromme unites with several metals directly, and 
with great energy. Antimony and arsenic bum in it with bril« 
liancy. 

At 0^ bromine combines with water, forming a crystalline 
compoimd, Br,, lOOH.^. 

HTDSOBBOiaC ACID. 
HBr. 

Molecular weight =81. Molecular volume rn « 1 ^*^^^ rf 
hydrclromic acid wetgha 40*5 criths. Fuses at — 78°. Boih 
at -69^ 

Freparation,—!, ^Y passing a mixture of hydrogen and 
bromine vapour through a red-hot tube, or by burning hydro- 
gen in a mixture of bromine vapour and air : — 

Ha + Brj, = 2HBr. 

Hydrobromio 
acid. 

2. By heating potassic bromide with phosphoric acid : — 
3KBr + POH03 = POKO3 + 3HBr. 

Fotanrio Phoephorio Fotassio Hydrobromio 

bromide. acid. phosphate. acid. 

Sulphuric acid cannot be employM for this operation, as a 
portion of the hydrobromio acid is then decomposed, bromine 
being liberated : — 

SO,Ho, + . 2HBr = Br^ + 20H, -f SO,. 

Bnlphurio add. Hydrobromio Water. Sulphurous 

acid. . . anhydride. 

8. By the action of water upon phosphorous tribromide : — 
P'VBr, 4- 30H, = P^OHHo, -}■ 3HBr. 

Pho^horoos Water. Phosphorous Hydrobromio 

tribromide. acid. add. 
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4. By gradually dropping bromine into water ^ntaining 
amorphous phosphorus : — 

P, + 3Br, + 60H, = 2P»OHHo, + 6HBr. 

Water. Phosphorons Hydrobromio 

add. add. 

6. By pAssing sulphuretted hydrogen through water con- 
taining bromine :— 

2SH, + 2Br, « 4HBr + S,. 

Snlphnretfeed HTdrobromio 

hydrogen. add. 

Beaction$» — 1. Decomposed by chlorine with liberation of 
bromine : — 

2HBr + CI3 + 2HC1 + Br,. 

Hjdrobromio Hjdrochlorio 

add. add. 

2. By the action of atmospheric oxygen a' small quantity of 
bromine is liberated, but the decomposition is soon arrested : — 

4HBr 4. 0, ^ 20Hj + 2Br,. 

Hjdrobromio Water Bromiiie. 

add. 

3.' In contact with metallic ozide3, hydrates, and salts, bro* 
mides are formed, 



COMPOUNDS OF BROMINE WITH OZTOJEN 

AND HTDEOXTL. 

Hypobromous anhydride OBr,. 
Hypobromous acid OBrH. 

jOBr 
Bromicacid < . 

lOH 

The graphic formulsB of these compounds are analogous to 
those of the corresponding chlorine compounds, given at page 46. 
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ETFOBBOHOXTS ANHTDBIDE. 

OBr,. 

Freparation. — ^iBy paasdng bromine vapour over dry mercuric 
oxide : — 

HgO + 2Br, = HgBr, + OBr,. 

Meroorio Mercario HypobrGonotia 

oxide. bromide. auiydride. 



HTPOBBOHOVS ACID. 

OBrH. 

Preparation. — 1. By passing hypobromous anhydride into 
water : — 

OBr, + OH, s= 20BrH. 

HTpobrcmoni Water. Hjpobromotu 

anhydride. Mid. 

2. By agitating mercuric oxide witli bromine-water : — 



fHgBr 

O 
iHgBr 

Xereorio Water. Hypobromou Keronrio 

oxide. add. oxybromide. 



2HgO + Oa, + 2Br, = 20BrH + 



SBOmC ACID. 



{ 



OBr 
OHo* 



Treparation. — By acting upon a solution of baric bromate 
with sulphuric acid : — 

OBr 

Bao" + SO,Ho, = 2 1 g^^ + SO,Bao". 
toBr 

Bario bromate. Bnlpharic Bromic Baric 

add. ItneUL tulpliate. 



92 IODINE. 

Beaction. — ^Bj boiling, bromic acid decomposes into water, 
bromine, and oiygen:— 



^tpHo = 2Br, + 20H, + 50, 

Bromioadd. Water. 

Preparation ofhromates, — 1. By adding bromine to a' solu- 
tion of a metallic hydrate, and separating the bromate by crys- 
taUization : — 

6KH0 + 3Br, « 5KBr + | ^^ + 30H,. 

Fotaasio Fotassio Potaasio Water, 

hydrate. bromide. bromate. 

2. By the action of potassic hydrate on bromine pentachlo- 
ride: — 

6KH0 + BrCl, = 6KC1 +{oKo + ^^^^ 

Fotasaic Bromine Fotaasio Fotaasio Water, 

hydrate. pentaohloride. chloride. bromate. 

Character ofhromates, — Some of the bromates when heated 
lose oxygen, being transformed into bromides : — 

2{g|; = 2KBp + 30,. 

Fotaasio Fotaasio 

bromate. bromide. 

Others evolve bromine and a portion of their oxygen, leaving 
metallic oxides : — 

rOBr 
O 
2^ Mgo" « 2M60 + 2Br, + 50,. 
O 
^OBr 

Magnesio Hagnesic 

bromate. oxide. 



lODimE, T,. 

Jfomic weight ■=127. Molecular weight =254. Molecular 
volitme I I I . 1 litre of iodine vapour weighs 127 criths. 
Sp. gr, 4-96. Fuses at XW, Boils at 180°. Atomicity '. 
JUvidence of atomicity : — 
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Hydriodic acid HI. 

Potassic iodide , KI. 

Argentic iodide .» Agl. 

Occt^rrence, — In mineral springs, in sea-water, and in con- 
siderable quantities in sea-plants. 

Manufactwre.-^^Q^r^oe^ are ; bnmt and the ash is ex- 
tracted with water. The liquid is evaporated, and, after a con- 
siderable quantity of sodic carbonate and chloride has crys- 
tallized out, the mother-liquor, which contains potassic iodide, 
is distilled with sulphuric acid and manganic oxide : — 

2KI+MnO,-h2SO,Ho,=SO,Ko,+SO,Mno"+I,+20H,. 

Fotassio Hanjganio Solphurio Fotassio Hanffsnoaa Water, 

iodide. oxide. acid. salpha^e. solpnate. 

Reactions, — 1. Iodine is precipitated from its solutions by 
cUorine and bromine :— 

2KI + CI, = 2KC1 + I,. 

Potasaio Potaasio 

iodide. chloride. 

2KI + Br, = 2K:Br + I,. 

Potasdo Fotassio 

iodide. bromide. 

2. Iodine unites directly with many metals. 



HTDBIODIC ACID. 

HI. 

Molecular weight =128. Molecular volume I | L 1 lUre of 
hydriodic acid weighs 64 criihs, Fuses at —55°. 

Preparation, — 1. By passing iodine vapour and hydrogen 
throughared-hot tube or over spongy platinum gently heated; — 

H, + I, =« 2HI. 
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2. By the action o£ dUute snlphnric acid on baric iodide, or 
of phosphoric acid on any iodide ;— 

Bal, + SO,Ho, = 2HI + SO.Bao". 

Bario Sulphorio Hydriodio Bario 

iodide. acid. aoid. solphMe. 

3. By decompofling phosphorous triiodide by water :— - 

PI3 + 80H, = POHHo, + SHI. 

Photphoroot Wster. Phofphorowi Hydriodio 

triiodide. aoid. aoid. 

4. By heating together water, potassic iodide, iodine, and 
phosphorus : — 

4KI + P, + 51, + 80H, = 14HI + 2POH0K0,. 

Fotaotio Water. Hydriodio Hydriodipofeuno 

iodide. aoid. phoaphate. 

6. A solution of hydriodio acid is obtained by passing sulphu- 
retted hydrogen through water in wMch iodine is suspended 3 — 
2SH, -h 21, « 4HI + S,, 

Sulphuretted Hydriodio 

hjdxpgeru aoid. 

Reactions, — 1. Decomposed by chlorine and bromine, with 
liberation of iodine : — 

2HI + CI, = 2HC1 + I,. 

Hydriodio Hydrochlorio 

add. add. 

2HI + Br, =» 2HBr + I,. 

Hydriodio Hydrobromio 

add. add. 

2. It is gradually but completely decomposed by atmospheric 
oxygen; the iodine, which at first remains dissolved in the 
hydriodic acid, is after a time deposited in crystals : — 

4HI + O, « 20H, + 21,. 

Hydriodio Water, 

aoid. 

8. With metallic oxides, hydrates, and some salts it forms 
iodides. Even argentic chloride is transforined by hydriodic 
aoid into argentic iodide : — 

AgCl + HI « Agl + HCl. 

Arffentio Hydriodio Arsentio Hydrodilorio * 

chloride. add. iodide. aoid. 
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. 4. Hydriodic aoid is rapidly deoomposed by mQnouvj, witli 
liberation of hydrogen : — 

2HI + 2Hg = 'Hg'J, + H,. 



Hydriodio 
add. 



Meroorooa 
iodide. 



Periodic anbyrdide 



Periodic aoid 



OOMPOXTirDa of JtODlJ^ WITH OXTGSN AND 

SYDBOXTL. 

roi 
J ^ 

Iodic anhydride < O . 

lodicaoid I OHo* 

O 



< 



O 

O . 



f OI 

o . 

OHo 



The graphic fbrmulas of these compounds are analogous to 
those of the oorrespoading chlorine compounds given at p, 46. 



IODIC ANHTDBIDE. 



3,0., or 



roi 



'2 

lOl 
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Preparation. — By beating iodic acid to 170®, when it sepa- 
rates into iodic anhydride and water :—^ 

roi . 

fOI p 

lodio acid. Iodic anhydride. 

Beaction, — ^When strongly heated, it decomposes into iodine 
and oxygen. 



IODIC ACID. 



{ 



Ol 

OHo- 



f reparation, — 1. By the action of sulphuric acid upon baric 
iodate . — 

1^ fOT 

-i Bao" + SO,Ho, = 2 { g^^ + SO,Bao". 

loi 

Baric iodate. Sulphuric Iodic add. Baric Bolphate. 

acid. 

2. By oxidizing iodine with strong boiling nitric acid : — 
6NO,Ho + I, « 2[§^-+ 20H, + 2N,03 + W-,0,. 

Kitricadd. Iodic add. Water. Nitrous Nitric 

anhydride. peroxide. 

8« By acting upon iodine and water with chlorine : — 
I, + 60H, + 5C1, - 2{g^^ + lOHCL 

Water. Iodic add. Hydrodiloric 

add. 

Beactions. — 1. In contact with hydriodic acid it forms water 
and iodine : — 

{oHo + ^^ = ^0^« + ^^»- 

Iodic aoid. Hydriodic Water. 

add. 
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2. It IS reduced by many other deoxidizing agents. 

Freparatton oflodafes, — 1. By treating solutions of metallic 
hydrates with iodine, and separating the iodate by crystalliza- 
tion: — 

6KHo + 31, = 5KI + {oL + '^°^»- 

Potassio Potasaio Potassio Water, 

hydrate. iodide. iodate. 

2. By dissolving iodine in potassio hydrate and treating the 
mixture with chlorine : — 

12KHo + I, + 5C1, = lOKCl + 2 | g|-^ + 60H,. 

potassio Potassio Potassio Water, 

hydrate. chloride. iodate. 

3. By heating together potassic chlorate and iodine : — 

Potassio Iodine Potassic 

chlorate. monochloride. iodate. 

Character ofiodates. — Some of the iodatea when heated split 
into iodides and oxygen, others into metallic oxides, iodine, and 
oxygen. 

Iodic acid gires several well-defined anhydrb-salts. 



FEBIODIC AKHTBBIDE. 

''OI 


o 

I,0„ or ^ 
O 
O 
OI 

Preparation, — By heating periodic acid to 160° : — 

fOI 
O =5 1,0, + OH,. 
OHo 

Periodic Periodic Water, 

acid. a&hydriae. 

n 
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Beaction. — ^When heated it is decomposed into oxygen and 
iodic anhydride, and ultimately into iodine and oxygen, 



VESIODIC ACID. 

fOI 
O . 
OHo 

Preparation. — By decomposing plumbic periodate with aul- 
phuric jacid : — 



O fOI 

-(Pbo" + SO,Ho, = 2-^0 + SOjPbo". 

O I OHo 

O 

loi 

Flmnbio Snlphario Feriodio Plmnbio 

periodate. acid. add. sulphate. 

^Preparation of Periodatea, — Sodic periodate may be prepared 
by passing chlorine through mixed solutions of sodic hydrate 
and sodic iodate : — 

fOI |0i 

I ONao + ^^"^^ + C), = -^ O +OH, + 2NaCl. 
*■ ONao 

V 

Sodio Sodio Bodio Water. Sodio 

iodate. hydrate. periodate. chloride. 



FLUOEINE, F^. 

Atomic weight =19. Molecular weight =38(?). Molecular 
volume m » 1 litre weighs 19 criths (?). Atomicity '. 
JEvidence of atomicity : — 

Hydrofluoric acid HP. 

Occurrence, — ^In combination with metajs in fluorspar, cryo- 
lite, apatite, and other minerals. 

Little is known of fluorine in the uncombined condition. 
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COMFOUND OF. FLUORINE WITH RYDBOGEif. 

HYSBOFLVOBIC ACID. 
HF. 

Molecular weight «20. Molecular volume m » 1 Hire weighs 
10 criths. Boils at 19°-5. Sp. gr. of liquid '9876 at 13°. 
Freparation, — ^By heating calcic fluoride with sulphuric acid 
in a leaden or platinum vessel : — 

OTTT? ^ SOjCao". 

Caldo 
sulphate. 



CaF, 

Caldo 
fluoride. 


+ 


SOjHo, = 2HF 4 

Solphurio Iljdrofluorio 
acid. aoid. 


^ 


CHAPTER XV. 

TBTBAS ELBHSKTS. 



Section I. {Continued from Chapter XI.) 
SILICON, Silicium, Si. 

Atomic weight =28'5. 8p.gr, (graphitoidal) =2*49. Atomicity^''. 
JEvidence of atomicity : — 

Silicic chloride SiCl^. 

Silicic fluoride SiF^. 

Occv/rrence, — Silicon is one of the most widely diffused ele- 
ments. It is found, in combination with oxygen and metals, in 
a very large number of minerals. 

a. Amorphous Silicon, 

Freparation. — 1. By heating potassic silicofluoride with 
potassium : — 



SiK^F, + 


2K, 


=a 


Si 


+ 


6KF. 


Fotassio 










Potesdc 


silicofluoride. 










fluoride. 



n2 
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2. By heating sodium in a current of the vapour of silicic 
chloride ; — 

SiCl, + 2Na, « Si + 4NaCL 

Saido Sodio 

chloride. chloride. 

Seactions, — 1. Silicon is dissolved by aqueous hydrofluoric 
acid, and converted into hydrofluosiHcic acid : — 

Si + 6HP = SiH^Pe + 2H,. 

Hydrofluoric Hydrofluosilicic 
acid. acid. 

2. When fused with potassic hydrate, or boiled in its solu- 
tion, it yields potassic silicate : — 

Si + 4KHo = SiKo, + 2H,. 

Potassic Potassic 

hydrate. silicate. 

3. Heated in the air, it burns, producing silicic anhydride. 
p. Ghrc^Tiitoidal Silicon, 

Preparation, — ^By fusing amorphous silicon with aluminium, 
and boiling the compound in hydrochloric or hydrofluoric acid, 
which dissolves the aluminium, leaving the silicon in the form- 
of hexagonal plates with a metallic lustre. 

Character. — May be heated to whiteness in oxygen without 
burning. 

Is gradually oxidized by a mixture of nitric and hydrofluoric 
acids. 

Is slowly attacked by fused potassic hydrate. 

y. Adamantine Silicon, 

Preparation, — By heating aluminium very strongly In a 
current of the vapour of silicic chloride. The aluminic chloride 
which is formed volatilizes, leaving the adamantine silicon be- 
hind: — 

3SiCI, + 2A1, = 2'A1"',C1, + S13. 

Silicic Aluminic 

chloride. chloride. 
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SILICIC H7DBIDE. 

Molecular weight =32'5, 

Preparation. — 1. By decomposing dilute sulpliurie acid by 
a feeble electric current passing from electrodes of aluminium 
containing silicon, when the silicic hydride is evolved at the 
negative pole. 

2. By decomposing magnesic silicide with hydrochloric 
acid : — 

SiMg", + 4HC1 = 2M6C1, + SiH,. 

Hagnesio Hjdroohlorio Magnesio Silicic 

silidde. add. chloride. hydride. 

3. Both the above processes furnish silicic hydride mixed 
with much hydrogen ; but if ethylic siL'coformate be placed in 
contact with sodium, it splits up into ethylic silicate and pure 
silicic hydride, the sodium remaining unaffected : — 

4SiH(C,H,0)3 = SiH, + 3Si(C,H,0),. 

Ethylic siliooformate. Silicic Ethylic silicate. 

hydride. 

Reactions. — 1. Under reduced pressure or mixed with hy- 
drogen, inflames spontaneously in air, producing water and 
silicic anhydride : — 

SiH, + 2O3 = SiO, + 20H,. 

Silicic Silicic Water, 

hydride. anhydride. 

2. Decomposed by solution of potassic hydrate, yielding 
exactly four times its volume of hydrogen : — 

SiH, + KHo + OH, = SiOKo^ + 4H,. 

Silidc hydride. Potassic Water. Potassic 

hydrate. silicate. 

SILiaC CHLORIDE. 

SiCl,. 
Molecular weight =170*5. Molecular voltme rn » 1 litre 
weighs 85*25 criths. Sfp, gr. of liquid 1*52. Boils at 59°. 
Preparation — ^1. By burning silicon in chlorine. 
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2. By heating a mixture of carbon and silicic anhydride in 
a stream of chlorine : — 

SiO^ + 2C + 2CI3 = SiCl, + 2C0. ' 

Silido Silido Carbonic 

anhydride. chloride. oxide. 

Reaction. — By contact with water it produces silicic and hy- 
drochloric acids :— 

SiCl, + 40H, = SiHo, + 4HC1. 

Silicic Water. Silicic Hydrochloric 

chloride. acid. acid. 



SILICIC HTDBOTRICBXOBIDE, Silicon Chloroform. 

SiHCla. 

Molecular weight =135'5. Molecular volume FTI * 1 litre 
tveiffht 67'76 criths. Soils at dG". 

Preparation, — By heating crystallized silicon to dull redness 
in a current of hydrochloric acid gas : — 

Si + 3HC1 = SiHCl^ + H,. 

Hydrochloric Silicic 

acid. bydrokidiloride. 

Beactions. — 1. Is decomposed by chlorine at ordinary tem- 
peratures : — 

SiHCla + CI, = SiCl, + HCl. 

Silicic Silicic Hydrochloric 

hydrotrichloride. chloride. acid 

2. By contact with water it is transformed into Disilicic 
hydroirioxide, or Silicoformio anhydride : — 

fSiHO 
2SiHC]3 + 80H, = ^O + 6HC1. 

[SiHO 

Silido Water. Silicoformio Hydrochloric 

hydrotrichio.'idc* anhydride. acid. 
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snjac BEomDE. 

SiBr,. 
Molecular weight =34!8-6. 8p. gr. 2-813 at 0^. BoiU at 153°. 

JBreparaUon, — By the same method as that employed for 
making the chloride, bromine vapour being substituted for chlo- 
rine. 

Beaction. — ^Decomposed by water in the same manner as the 
chloride. 

SILICIC IODIDE. 

Molecular weight =536*5. Molecular volume I I 1 . Ft^es at 
120°'5. Boils in carbonic anhgdride at 290°. 

Preparation. — By passing iodine vapour and carbonic anhy- 
dride over red-hot silicon. 

Reactions, — 1. Decomposed by water into silicic and hydri- 
odie acids. 

2. Sy absolute alcohol it is decomposed, with production of 
silicic anhydride, ethylic iodide, and hydriodic acid : — 

Sil, + 2EtHo = SiO^ + 2EtI + 2HI. 

Silido Alcohol Silicic . Eth^lio Hydriodic 

iodide. anhydride. iodide. ftdd. 



SIUCIC FLUORIDE. 

SiF,. 

Molecular weight =104i'5. Molecular volume I I L 1 litre 
weighs 52*25 criths. Fuses at — 140° C. Condensable gas. 

Preparation, — By heating together silicic anhydride, calcic 
fluoride, and sulphuric acid : — 

SiO, + 2CaE, + 2SO,Ho, = SiF, 

Silicic Calcic Salphurio Silicic 

anhydride. fluoride. acid. fluoride. 

+ 2SOHo,Cao". 

Dihydrio calcic sulphate. 
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Beaction. — By contact with water it produces silicic and 
hydrofluosilicic acids: — * 



3Sir, + 40H, 

SiUcio Water, 

fluoride. 



SiHo, + 2SiH;F,. 



Bilido 
add. 



HjdroflaoaUioio 
acid. 



By contact with metallic oxides, hydrates, and salts, hydrofluo- 
silicic acid produces silicofluorides, some of which, as the potassic 
and baric compounds, are insoluble in water : — 



SiH,r„ 4- 2KHo = SiK,Fe + 20H,. 

Potassic Potassic Water, 

hydrate. eilioofliioride. 



Hjdroflnosilidc 
acid. 



COMPOUNDS OF SILICON WITS OXTQBN AND 

STDBOXTL. 

Silicic anhydride SiO,. 

Silicic acid SiHo, and SiOHo,. 



1, 



Modifieationg of Silicic acid. 



SiOHo 



SiOHo 






SiOHo 
O 
2. ^ SiO 



SiOHo 



^SiOHo 




3. ^ 



SiO 


SiO 


^SiOHo 



^•< 



''SiOHo 

O 

SiO 



SiO 



SiO 

O 

SiO 

O 

SiO 



SiO 


l^SiOHo 
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SniaC ANHTDBIDE. 

SiO,. 

Molecular weight =60*5. Sp. gr. 2*69. 

Occurrence, — In the pure state in many mineraJs, as quartz, 
agate, &c. 

Preparation. — By heating silicic acid to 100°, 



SILICIC ACID. 

Tetrabasic... SiHo^. Dibasic... SiOHo^. 

Preparation. — 1. By treating a solution of a soluble silicate 
with hydrochloric acid : — 

SiNao, + 4HC1 = SiHo, + 4^01 

Sodio Hydrochlorio Silicic Sodio 

silioate. add. add. chloride. 

2. By passing a stream of carbonic anhydride through a 
solution of a soluble silicate : — 

SiNao, + 40H, + 4C0, = SiHo, + .4COHoNao. 

Sodic Water. Carbonic Sib'cio Hydriosodic 

silicate. anhydride. add. carbonate. 

A reaction similar to this is the cause of the disintegration 
of granitic rocks. 

3. By passing silicic fluoride through water. (See p. 104.) 

4. The bibasic silicic acid is said to be produced by the eva- 
poration in vacuo at 16° of a solution of the tetrabasic acid in 
water. 

The acid prepared by the first three of the above processes 
has probably the formula SiHo^ ; by drying in the air a com- 
pound remains containing 

Si„H,0,e = Si„0„Ho,. 
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This last acid, heated to 100°, loses more water, being trans- 
formed into 

SieH.O,, = Si^OjoHo,. 

5. By the action of water on tetrethylic silicate, a compound 
is produced containing 

Si,H,0,2 = Si,0,Ho,. 



SILICATES. 

The soluble alkaline silicates may be prepared by fusing 
silicic anhydride, in the form of sand or flints, or insoluble 
natural silicates, with alkaline hydrates or carbonates. 

The silicates form a very important class of minerals. The 
following list contains a few examples ; — 

Sand. 
Flint. 

n^ i.f * y Silicic anhydride * . . SiO^^. 

Opal. 
Chalcedony. ^ 

Peridote. Dimagnesio silicate SiMgo"j,. 

Phenacite. Diglucinic silicate SiGlo^^. 

Willemite. Dizincic silicate SiZno^j^, 

Zircon. Dizirconic silicate SiZro''^. 

Enstatite. Monomagnesic silicate. . . SiOMgo". 



Torke's Sodic silicate 



f Si]Srao3 
. 
SiNaOg 

Si , 



Ophite (Noble Serpentine) ^0 Mgo'V 
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Diopside. Calcic magneaio dmlicate ,,, g-QCao"Mgo". 
Talc. Tetramagnesic pentaMioate SigOeMgo"^. 



Okenite. Tetrah/dric calcic disilicate* 



r SiHo,— , 
Cao". 



02 



Serpentine. Dihydric trimagnefdo disi- I -x/r J^f ^^ 
^^^ ; [SiHoMgo"' 

Steatite. Trimagneaic tetrasilicatc Si^OsMgo^g. 



Meerschaum. Tetraliydric dimagneHc 



triplicate 



< 



rSiHoMgo" 

SiHOo 





i.SiHoMgo" 

SiOHo— , 
Pyrophyllite. Dihydric aluminic teira- SiO — 1 I . 

Hlicate .* ; * SiO 1 *| 

SiOHo-J 

Anorthite. Altminio calcic disilicate, Sij('Al"'30e)^Cao". 

SiO , 

Labradorite. Aluminic calcic trisilicate, SiCao"-Al.o^. 

SiO ' 

Grrossularia. Aluminic tncaldc trisili- «.r^ ,,"?, „, 

SxCao -Al„o^^ 

^^^^ ••••• SiCao"-J 

Emerald. Triglucinic aluminic hexa-] «. ^ ., ,1^, ,/ 
sUicate I SxAAl,o-Glo", 

SiO— 1 

ChloropaL Ferric tritiUeate SiO-Pe,o»',30H., 

SiO— ' 

Telspar. Orthose. JHpotaasio alumi-]-. —. ^ 

nio hexatiUeate .: J ^ * t »^ • 
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SILICIC SXTLPHIDE. 

. . SiS".. 



2' 



Preparation, — By passing the vapour of carbonic disulphide 
over silicic anhydride heated to redness : — 

SiO, + CS"2 = SiS", + CO,. 

Silicic Carbonic Silido Carbonic 

lanhydride. disulphide. sulphide. ai^ydxide. 



Beaction, — By the action of water, hydrosulphuric acid is 
evolved, and the solution contains silicic acid : — 

SiS, + 40H, = SiHo, + 2SH,. 

Silicic Water. Silicic Sulphuretted 

sulphide. acid. hydrogen. 



TIN, Sn. 

Atomic weiglit =118. Molecular weight unknotm, Sp. gr» 
7*28. Ftises at 228°. Atomicity " and *% also a pseudo-triad. 

' The following are the names and probable formul» of the 
principal compounds of this metal : — 

Stannous chloride SnCl,. 

Stannic chloride SnCl^. 

Stannous oxide SnO. 

Stannic oxide or anhydride. SnO,. 

rsnci 

Distannous oxydichloride.. < . CI — Sn — — Sn— CI 

[ SnCl 

Stannous hydrate SnHo,. H— 0— Sn— 0— H 



Stannic acid SnOHo,. || 

H-0— Sn— 0— H 

Dipotassic stannite SnKo,. 

Dipotassic stannate SnOKo^, 40H,. 
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Distannic trioxide 



fSnOQ 



0= 





„/ \ 
Sa— Sn 



=0 



or 



Metaatannic acid (dried at 
100°) 





Stannous stannato SnOSno". 0=:Sn Sn 

V 

r SnHo, 

O 

SnHo, 


<( SnO 



SnHo, 


^ SnHo, 

r SnHo.Ko 
O 

SnHo, 

Dipotassic metastannate... ^ SnO 



SnHo, 

^ SnHojKo 

Stannous sulphide SnS". 

Stannic sulphide SnS",. 

Distannic trisulphide \ SnOoS") 



\SnS' 



S 
S=Sn— Sn=S 



or 

S 

Stannous sulphostannate ... SnSSns", S=Sn Sn 

V 

Stannous sulphate SO,Sno . S<^ ^gn 

II 
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TrfAHIUM, Ti. 

Atomic weight = 50. Molecular weight unknoton, Sp, gr, 5*8. 
Atomicity " and^^, also a pseudo^trictd. 

The following are the names and probable formulsB of the 
chief compounds of titanium :— 

CI 



Titanic tetrachloride TiCl,. CI— Ti— CI 

CI 

CI CI 
Dititanic hexachloride ... -I toqi^ • ni ti; rX qi 

I I 

Cl CI 

Titanous oxide TiO. Ti=0 

Titanic oxide or aohydride i 
(Eatile, Anatase, Brook- 1 WOj. 

ite) J 


Titanic acid TiOHo.. || 

H— 0— Ti— O—H 

Titanic sulphide , TiS",. 

Dititanic dinitride {Sn'"' N=Ti— Ti=N 



Trititanic tetranitride Ti 



i,N"', NsTi Ti Ti=N. 

Ill . 



CHAPTER XVI. 

PENTAD ELEMESTa, 

Section I. (Continued Jrom Chapter SII.) 

PHOSPHOEITS, P.. 

%oeif/lit =31. Molecular weight =124. Molecular 
volume I I | . 1 litre of phospJioras vigour weighs 62 
cm7A*. Sp. gr. 1'83. JFiwej at 44-45°. Soils at 290°. 
Atomidtij '" and '. Mmdence qfaiomidtff : — 

PhoBphoroua trihydride ^''H, 

Phosphoroua trichloride P"'Clj. 

Phosphoric chloride P'CQj. 

Ph 08 phonic iodide P^H^I. 

Occurrence. — la corobination as a constituent of several 
minerals, and in Binall quantities in most rocks and aoils. 

In plnnta, and in the brain, nerves, urine, and bones of 



Manufacture. — Calcined bones or Sombrerite, botb of which 
consist chiefly of calcic phosphate, are digested with sulphuric 
acid, by which the tricalcic diphosphate is converted into tetra- 
hydric calcic diphosphate :— 

P,0,Cao", + 2SO,Ho, = P,OjHo,Cao" + 2SO,Cao". 

phoCc (Baim-fuh). BciiL diphosphate. Ea]phaL«. 

Tho tetrahydric calcic phosphate is estracted with water 
from the calcic sulphate, evaporated, mised with charcod, dried 
and distilled, when phosphorus, carbonic oxide, and tricalcic 
diphosphate are produced ;— 

3P,0,Cao" -I- C„ = Pp.Cao''^ + lOCO + P,, 

l>liofipbjibi. diphoiiihalo- oiidf. 



112 PHOSPHORETTED HYDROGEN. 

AMORPHOUS PHOSPHORUS. Allotropic Phosphorus. Bed 

^Phosphorus, 

Obtained by heating common phosphorus to 230*^-250° in 
close vessels. 

Neither the number nor the arrangement of the atoms in 
the molecule of this variety of phosphorus is known. 



COMPOUNDS OP PSOSPROBUa WITH 

HTDBOGEK 

Phosphorus forms three compounds with hydrogen, which 
cannot be obtained by the direct combination of their elements. 

{PrP"'HV' 
p>p;//-g-y/ ? 

Liquid ditto "P"^v 

G-aseous ditto PH,. 



GASEOUS PHOSPHORETTED HYDROGEN. 

H 



PH,. 



3' 



H— P— H 



Molecular weight =34}. Molecular volume II I . 1 litre weighs 
17 criths. 

Preparation. — 1. By heating hypophosphorous acid : — 

2POH,Ho = PH3 + POHO3. 

Hypophosphorous Phosphoretted Fhoi^horic 
acid. hydrogen. aad. 

2. By heating phosphorous acid : — 

4POHH0, « PH3 + 3POHd3. 

Fhosphorons Phosphoretted Phosphoric 

acid. hydrogen. acid. 



PHOSFBOBGTTED nVDBOGBIf. 



OXaH 



hTdrofffiiL 



30H, = 

WUer. 



20, 



aPOHJSao 



iia 

■ or potoasio 
+ PH.. 

hydrogen. 



^^H^ 8. By heating phoaplioras witli solution 

' The gas prepared by this process contains free hydrogen and 

the vapour of liquid phosphoretted hydrogen. 

JMeactiom. — 1. By eombustioix in oxygen it yields phoaphoria 
: 
tuses 
2] 



POHo,. 



2. "When passed through a solution of cuprie sulphate, it 
nuses a black precipitate of eupric phosphide : — 



hosphoreCted 



SSO^Cuo" 



- P.Ca' 



3SO,Ho,. 



8. "WTien passed through a solution of argentic nitrate, me- 
tallic silver and nitric aud phosphoric acids are formed : — 



1 PH. + SNO.Ago + lOH, 

I hrdroBi:!!. nitrate. 



= POHo, + 4Ag, + 8NO,Ho. 

Phoai>hurii) Nitrio 



4, Ifc unites directly with hydriodic and hydrohromic acids 
when they are presented to it in the nascent state, forming 
compounds isomorphoua with the corresponding substances in 
the nitrogen series ; — 



PH, - 
Phoi|.horetti>d 
hjilroefB. 

L 3PH, 

^1 F hoflphoraltcf 

■ hjareg™. 

In this behaviour phosphoretted hydrogen bears a strikinff 
analogy to ammonia, although, unlike the latter compound, it 
does not unite with other acids. 



31, = PL 



. 331 = 

njdriodic 



■ 3HI; 
nydriodio 



3PHJ. 

Fhoni>hDnio 
ioida. 
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LiaUID FHOSFHOBETIED HTDBOGEIT. 



H H 
.PH II 



[4, OP I 



ii 



Molecular weight =66. 

Freparation, — ^By the action of water or very dilute hydro- 
chloric acid upon calcic phosphide, 'P"2Ca"2, the gas evolved 
being transmitted through a freezing-mixture :— 

'P",Ca'; -f 40H, = 'P\B:^ -f 2Ca"Ho,. 

Oaloio Water. Liqnidphos- Calcic 

phosphide. pnoretted hydrate. 

hydrogen. 

The calcic phosphide is prepared by passing the vapour of 
phosphorus over lime heated to redness : — 

14P -f 14CaO = 2Vfifi^\ + 5'P",Ca'V 

lime. Calcic Calcic 

pyrophosphate* i^osphide. 

Beactiotk, — ^Decomposed by sunlight into solid and gaseous 
phosphoretted hydrogen : — 

e'F'A = 6PH. + {|[p''''H)"? 

laqidd phospho- Oaaeons phoBpho- Solid phosphoretted 

retted hydrogen. retted hydrogen. hydrogen. 



SOLID PHOSFHOBETTEB HTDBOaEN. 

fP(P'"H)% 
tP(F"H)"^ 

Molecular weight al26 P 

JPreparatum. — ^By dissolving calcic phosphide in concen- 
trated hydrochloric acid, or by the action of light upon the 
liquid phosphoretted hydrogen. 
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OOMFOUNDS OF FROSFSOBUS WITH 

CRLOBINK 

Phosphorus forms two compounds with chlorine : — 

Phosphorous trichloride PCI,. 

Phosphoric chloride PCI5. 



FHOSFHOBOUS TRICHLORIDE. 

CI 

ClJ— CI 



PC13. I 

I— p— i 



Molecular weight =137*5. Molecular volume i I 1 . 1 litre of 
phosphorous trichloride vapov/r weighs 68*75 criths, Sp, gr, 
1-45. Boils at 74°. 

Freparation. — By the action of chlorine upon phosphorus : — 

P, -f 3C1, = 2PC13. 

Beaction. — ^By the action of water it yields hydrochloric 
and phosphorous acids : — 

PCI3 -h 30H, = 3HC1 + POHHo,. 

Phosphorous Water. Hjdroohlorio PhosphoFous 

trichloride. acid. acid. 



FHOSFHOBIC CHLOBIDf 

CI 

PCL. CI— P— CI 
• /\ 

CI CI 

Molecular weight =208*5. Molecular volume Ll_l to 

i2 
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1 litre of phosphoric chloride weighs 62'1 to 104j'25 criths. 
Volatilizes helow 100°. 

Preparation. — By the action of cUorine upon phosphorous 
trichloride :— 



PCI. 


+ 


Cl, 


a 


PCI.. 


Phoephorons 
tricmoride. 








Phosphoric 
chloride. 



Beactums.-^l, By the action of an excess of water it pro- 
duces hydrochloric acid and phosphoric acid : — 

PCI, + 40H, = 5HC1 + POH03. 

Phosphoric Water. Hydrochloric Phosphoric 

chloride. add. acid. 

2. When submitted to the action of alcohols and acids, the 
chlorides of the radicals of the alcohols and acids are obtained, 
thus : — 

{^Ho + PCI. = {g^'ci + =C1 + POCl.. 

Ethvlic Phosphoric Ethylio Hydrochloric Phosphoric 

■ alcohol. chloride. chloride. acid. oxytriohloride. 

{ooko + Pc». = {oSbi + ^^^ + Poci»- 

Acetic acid. Phosphoric Acetjrlio Hydrochloric Phosphorio 

chloride. chloride. add. ozytrichloride. 



COMPOTri^D OF PM0SPS0SU8 WITS OEZOSIim 

AND OZYGJEN. 

PHOSPHOBIC OXTTBICHLOBISE. 

CI 

POCI3. CI— P— CI 

II 

o 

3£olecuhr weigU ^V5Z'5. Molecular volume m . llitre of 
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phosphoric oxytrichloride vapov/r weiyha 76*75 criths. 8p. 
gr, 1'7. Boiling-point 110°. 

Preparation, — 1. By the action of a limited quantity of 
water on phosphoric chloride : — 

PCI. + OH, = POCI3 + 2Ha 

Phosphorio Water. Pho«>horio Hrdrochlorio 

chloride. oxTtrichloride. add. 

2. By passing oxygen through boiling phosphorous trichlo- 
ride ; — 

PCI3 -f = POCI3. 

Phon)horotui PhoBphorio 

tricnloride. ozytrionloride. 

8. By heating phosphoric chloride with phosphoric anhy- 
dride : — 

P.O. + 3PCI5 = 5POCI3. 

Phoq)horic Phosphoric Phorohorio 

anhydride. chloride. oxTtricnloride. 

4. It is formed as a secondary product in the preparation of 
the chlorides of alpohol and acid radicals as above described 
(p. 116). 

Beactions, — 1. By contact with water it is transformed into 
hydrochloric and phosphoric acids :— 

POCI3 + 30H, = POHo, -f 3HC1. 

Phosphoric Water. Phosphoric Hydroohlorio 

ozTtricnloride. acid. add. 

2. By distillation with the salts of organic acids it yields 
the chloracids : — 

^(oSkao + POCl, = 3(gg5i + PONao, 

Sodic - Phosphoric Acefylio Sodic 

acetate. oxytridiloride. chloride, phosphate. 

COMPOUHTD OF PSOSPSOBUS WITH CHLORINE 

Aim aULPHUB. 

FHOSFHOBIC SULFHOTBICHLOBIDE. 

PS"C1,. 

Molecular weight =160-5. BoiU al 128°. 
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Preparation. — "By tlie ^tion of sulphuretted hydrogen upon 
phosphoric chloride : — 

PCI, -f SH, » PS"Cl3 -f 2HCL 

Fhoflphorio Sulpluiretted Pho^liorio HTdrochlorio 

chloride. hydrogen. Bolphotnchloride. acid. 

Beaction. — ^When boiled with sodic hydrate, it yields sodic 
chloride and trisodic sulphophosphate : — 

60NaH -h PS"Cl3 = 3NaCl -f PS^'Nao, + 30H,. 

Sodio Pho^horic Sodic Trisodic Water, 

hydrate. sulphotnchloride. chloride. salpho- 

phoiq^hate. 



C0MP0U2n)8 OF PSOSPHOSUS WJTff OXTGEIT 

AND STBMOXTL. 

O O 

II 
P- 



Phosphorous anhydride ^2*^3- II II 

~ O— P 



O 

II II 

Phosphoric anhydride P,0,. P— 0— P 



O 

O 



Hypophosphorous acid POHLHo. P — — H 

/ \ 
H H 



O 

II 
Phosphorous acid POHHo,. H— O— P— O— H 

I 
H 
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O 



Phosplboric a^id J poH 
(tnbasic) ...J 



H— 0— P— 0— H 

A 



Metaphosphoric \ p/-v tt 
acid (monobasic). J ' 



O 

II 
P_0— H 







O 







Pyrophosphoric 
acid (tetra- 
basic) 



P,0,Ho,. 



H— -P_0— P— 0— H 



i i 



H 



H 



Kexabasic phosphoric acid P^O^Ho,. 

Sodium salt (Fleitmann and Henneberg) {Sexasodic tetra- 
phosphate) P^O,Nao,. 



II II II II 

Na— 0— P— 0— P— 0— P— 0— P— 0— Na 

i i i i 

N'a ]Na Na Na 

Dodecabasic phosphoric acid Pj^OigHou. 

Sodium salt (Fleitmann and Henneberg) (Dodecasodic deca^ 
phosphate) PioOigNaOjj. 


N-a— 0— P— 



A 

Na 



'01 O 

II II 

— 0— P 0— P— 0— N 

A A 

Na 



- Na_ 
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FHOSFHOBOUS AITHTSKISE. 

PA- 

Molecular weiglit bsHO. 

Freparation. — 3y the slow oxidation of phosphorus in a 
gentle current of dry air. 

Beaction. — ^In contact with water it produces phosphorous 
acid; — 

P.Og + 30H, = 2POHH0,. 

Phoq;)horoii8 Water. Fhoq;)horoiis 

anhydride. add. 



FHOSPHOBOVS ACID. 
POHHo^. 
Molecular weight =82. 

Preparation, — 1. By the action of water on phosphorous 
anhydride as above. 

2. By the slow oxidation of phosphorus in moist air. 

3. By the action of water upon phosphorous chloride (see 
p. 115). 

4. By passing chlorine through phosphorus under hot water. 
Beactioms. — 1. When heated, it yields phosphoric acid and 

phosphoretted hydrogen : — 

4POHH0 = 3POH03 + PH3. 

Fhoaphoroot Phospthorio Phosphoretted 

acid. acid. hyorogen. 

2. It absorbs oxygen from the air, yielding phosphoric acid : — 
2POHH0, + O, = 2POHO3. 

Phosphorous acid. Phosphoric acid. 
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FHOSFHOKIC ANHTPBIDE. 

Mohcular weight =142. 

Preparation* — By burning phosphorus in excess of dry air 
or oxygen. 

Reaction, — By contact with water it forms metaphosphorio 

*i.f*iH ' 

PA + OH, = 2PO,Ho. 

Phosphoric Water, Hetapbosphoric 

anhydride, acid. 



UETAFHOSFHOBIC ACID. 

POoHo. 

Molecular weight =80. 



2-' 



^Preparation. — 1. By dissolving phosphoric anhydride in 
water (see above). 
2. By heating phosphoric acid to redness : — 

POH03 = PO^o + OH3. 

Fhosphorio MetaphoB- Water, 

acid. phoric add. 

Preparation ofmetaphosphates. — The metaphosphates may be 
produced — 

1, By igniting a dihydric phosphate with a fixed base : — 

POHo.Nao = PO.Nao + OH,. 

Dihydrio sodio Sodio Water, 

phosphate. metaphosphate. 

2. By igniting a monohydric phosphate which contains one 
atom of a volatile base : — 



2 



POHoNao(N»H,0) = PO.Nao + NH, + OH 

Hydric sodic ammonio Sodic Ammonia. Water 

phosphate. meti^hosphate. 

3. By igniting a dihydric pyropliosphale : — 

P,03Ho,Nao, = 2PO,Nao + OH,. 

Dihydric disodic Sodio Water, 

pyrophosphate metaphosphate. 
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PTBOPHOSPHOBIC ACID. 



P2O3H0,. 



Molecular weight =178. 



Preparation, — ^By decomposing plumbic pyrophosptate by 
hydrosulphuric acid : — 

P,03Pbo", + 2SH, = 2PbS" + P,03Ho,. 

Ploinbio Solpburetted Flambio Pyrophosphorio 

pyrophosphate. hydrogen. sulphide. acicL 

Pyropliospbates are prepared by heating monohydric phos- 
phates containing two atoms of a fixed base : — 

2POHoNao2 = PaO,Nao^ + OH,. 

Hydrio disodio Sodio Water, 

phosphate. pyrophosphate. 



PHOSPHORIC ACID, OrtJiopJiospJioric Acid, 

POHO3. 
Molecular weight =98. 

Preparation, — 1. By boiling a solution of phosphoric anhy- 
dride or of metaphosphoric acid in water : — 

P,0, + 30H, = 2POH03. 

Phosphoric Water. Phosi>horio 

anhydride. acid. 

2. By the oxidation of amorphous phosphorus with nitric 
acid, and then boiling the product with water. 

3. By the action of water upon phosphoric chloride and 
phosphoric oxytrichloride (see pp. 116 and 117). 

4. By the combustion of phosphoretted hydrogen in air or 
oxygen : — 



.3 + 20, = POH03. 

Phosphoretted Phosphoric 

hydrogen. acid. 
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5. By decomposing tricalcio diphosphate (bone-aah) with a 
large excess of sulphuric acid : — 

P,0,Cao"3 + 3SO3H0, + 60H, = 2POHO3 

Trioalde Solphurio "WaJbee, Phosphoric 

diphosphate. acid. acid. 

+ 8SHo,Cao". 

GjpBum. Tetrahydrio 
calcic Bolphate. 

Beaefum. — ^When heated to 213° it produces pyrophos- 
phoricacid:— 

2POHO3 = P,03Ho, + OH,. 

Phosphoric Pyrophosphoric Water, 

acid. add. 

The phosphates are a numerous and important class of salts. 
The following list contains some of the most interesting : — 

Common sodic phosphate 1 
(Hi/dric disodic phosphate) \ ^O^oNao,, I2OH3. 

Trisodic phosphate PONaOg, I2OII2. 

Hydric sodic potassic phosphate POHoNaoKo, OH^. 

Apatite (FrancoUte) PgOgCao"/ j!ca"\ 

"^jLSSlSr" } PAAn.o,Mgo",. 120H, 
aimagnesic aipnospfiate) ... J 

Vivianito P,0,reo"3, 80H,. 

WaveUite P,0('Ar A)^, 120H,. 

Pyromorphite P303Pbo"YgjPb"\ 



ABSENIC, As^. 

Atomic weight =75. Molecular weight =300. Molecular 
volume r~n » 1 litre of arsenic vapour weighs 150 criths, 
Sp. gr, 5-6 to 59. Volatile at 180°. Atomicity '" and \ 
Evidence of atomicity : — 
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Arseniuretted hydrogen As'^Hg; 

Arsenious chloride As'^'Clg. 

Tetrethylarsonic chloride As^Et^Cl. 

Occurrence. — In nature, in various ores, and sometimes m 
the free state. In some mineral waters, and in the water and 
mud of many rivers. In coal-smoke, and consequently in the 
air of towns. 

Preparation, — By reducing, with charcoal, arsenious anhy- 
dride, which is produced in the roasting of many ores : — 

As.Oa + 30 == A83 + 3C0. 

Arsenious Carbonio 

anhydride. oxide. 



COMPOJTND OF AB8ENI0 WITH HTDEOGEN. 

ABSENIUEETTED HYDEOOEN, Arsenious Eydnide. 

AsHg. 

Molecular wdgJit s=78. Molecular volume I I 1 . 1 litre weighs 
39 critJis. Boils at -40°. 

Preparation. — 1. In the pure state by the action of sulphuric 
acid on an alloy of arsenic and zinc : — 

As,Zn"3 + 3SO,Ho, = 3SO,Zno" + 2ASH3. 

Arsenious Sulphuric Zincio Arseniuretted 

zincide. acid. sulphate. hydrogen. 

2. By the action of nascent hydrogen upon soluble arsenic 
compounds, as by the introduction of arsenious acid into an 
apparatus evolving hydrogen : — 



A»Ho3 


+ 


«H, 


= A»H,- + 


aoH,. 


Arsenious 
acid. 






Arseniuretted 
hydrogen. 


Water. 



Reactions, — 1. When burnt with free access of air, it gives 
water and arsenious anhydride : — 

2ASH3 + 3O2 ^ Anfi^ + 30H,. 

Arseniuretted Arsenious Water. 

' hydrogen. anhydride. 
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2. When burnt with a limited supply of air, it yields water 
and free arsenic : — 

dAsHg + 80, = As^ = 60H,. 

Arseniuretted Water, 

hydrogen. 

3. When exposed to a red heat, it is decomposed into arsenic 
and hydrogen. 

4. Passed through a solution of argentic nitrate, it yields 
a precipitate of metallic silver, arsenious and nitric acids re- 
maining in solution :— 

6NO,Ago + 30H, + AsH, = 6NO,Ho 

Argentic nitrate. Water. Arseniiiretted ll'itrio add. 

hydrogen* 

+ AsHo, + 3Ag2. 

Arsenious aoid. 

COMPOUND OF AESENIG WITH ORLOBINR 

ABSENIOVS CHLOBIDE. 

AsCl,. 
Molecular weight =181*5. Molecular volume I 1 I . 1 litre of 
arsenious chloride vapour weighs 90'7o criths, Sp, gr. 2 205. 
Boils at 132°. 
Preparation, — 1. By the action of dry chlorine upon arse- 
nic: — 

As, + 3C1, « 2ASCI3. 

Arsenious 
chloride. 

2. By distilling arsenic with mercuric chloride (corrosive 
sublimate) : — 

As, + GHgCl, « 3'Hg',Cl, + 2ASCI3. 

Meronrio Meronrous Arsenious 

chloride. chloride. chloride. 

3. By distilling sodic chloride, arsenious anhydride, and sul- 
phuric acid : — 

As,03 + GNaCl + 6SO,Ho, = 2ASCI3 

Arsenious Sodic Sulphuric Arsenious 

anhydride. chloride. acid. chloride. 

+ 6SO,HoNao + 30H,. 

Hydric sodic Water, 

sulphate. 
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Meaction. — With excess of water it forms arsenious and 
hydrochloric acids : — 

AsCl, + 30H, = 3HC1 + AsHo,. 

AreenioTUi Water. Hydrochlo- Arsenious 

chloride. rio add. acid. 

COMPOUm)S OF ABSENIG WITR OXX&^if ^^If 

RTDEOXYL. 

Arsenious anhydride As^Og. 

Arsenic anhydride Aft^jOg. 

Arsenious acid AsHOjj 

Arsenic acid....^ AsOHog. 

• 

ARSENIOUS ANHTDEIDE, Arsenic, White Arsenic, White 

Oxide of Arsenic, 

Molecular weight =198. Mole&ular volume D. 1 litre of 
arsenious anhydride Hapoi^ weighs 198 crithi (an&ffialous)^ 
Sp. gr. 3-7. 

Occwrrence, — Very rare in nature. 
^Preparation. — 1. By burning atsenic m air or oxygetl; 
2. By roasting arsenical ores in certain metallurgical opel^ 
tions. 

ABSENIOVS ACID. 

ASHOg. 

Molecular weight =126. 

Only known in solution. 

Arsenious acid forms matiy salts, of which the following are 
examples : — 

Dihydric potassic arsenite {Fowler* s 
solution) AsHojjKo. 

Hydric cupric arsenite {ScheeWs 
green) AsHoCuo". 

Triargentic arsenite AsAgo,. 
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A monobasic arsenious acid, AsOHo, corresponding to ni- 
trous acid, appears to exist, one of its compounds, AsOAmo, 
being known. Arsenious acid when l)oiled with cupric ace- 
tate yields Schweinfurt green, 3As,OaCuo", CuCCaHjOj^)^. 



ABSENIC AKHTDBIDE. 

Molecular weight =230. 
Preparation, — By heating arsenic acid nearly to redness : — 



2ASOH03 = 30H, -h 

Arsenic add. Water. 


As,0,. 

Arsenic 
anhydride. 




ABSENIC ACID. 






AsOHoj. 


• 




Molecular weight =142. 






Preparation, — "By treating arsenious anhydride 
acid : — 


with nitric 



A»,0, + 2NO,Ho + 20H, = 2A«OHo, + N,0,. 

Arsenious ll'ifcric add. Water. Artenioadd. ITitroos 

anhydride. anhydride. 

Salts are known derived from acids of the three following 
formul© :— 

AsO,Ho, AsOHo,, As,03Ho^, 

M etarsenio aoid. Arsenic add. Pyraraenio add. 

corresponding corresponding corresponding 

to to to 

PO,Ho, POH03, P^OsHo^ 

Metaplioroboiio Phosphoric 

adcL add. ' ~adi 

and 
NO,Ho. 

Nitric add. 



•mm 



^Basmmmmmmmmmmmm 
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COMPOUNDS OF ABSFNIG WITH SULPEUE AND 

RTDB08ULPRTL. 

Bealgar I^S'' ='A8"2S".. 

Sulpharsenious anhydride (Arsenious 1 j^ o" 
sulphide) J ^ ^' 

Sulpharsenic anhydride (Arsenic sul- \ j^ ^„ 
phide) J ^ ^' 

Sulpharsenious acid AsHsg. 

Sulpharsenic acid AsS'^Hs,. 



BEALGAB, Diarsenious Disulphide. 
'A«",S",or{^|':. 

Molecular weight =214. 8p, gr, 3*5. 

Occurrence. — ^Found native. 

Preparation. — By heating sulphur with arsenious anhy- 
dride: — 

S, + 2As,03 = 3S0, + 2'As';S",. 

Arsenious Sulphurous Sealgar. 

anhydride. anhydride. 



SULPHABSENIOUS ANHYDRIDE, Arsenious Sulphide, 

Orpiment, 

Molecular weight =246. Sp. gr, 3*5. 

Occurrence. — ^Found native. 

Preparation. — ^By passing sulphuretted hydrogen through a 
solution of arsenious anhydride in hydrochloric acid : — 



2A«Cl3 + 3SH, = 6HC1 + As.S'V 

Arsenious Sulphuretted Hydrochloric Arsenious 

chloride. hydrogen. acid. sulphide. 



ANTIMONY. 129 

Beaction. — Arsenious sulphide dissolves in caustic alkali, 
producing an arsenite and a sulpharsenite : — 

As,S"3 + 40KH = AsHoKo, + AsHsKs, + OH,. 

Arsenious Fotassio Hjdricdipo- Bnlphhjdrio Water 

Bulphidc. hydrate. taseio arsenite. disnlphopotassio 

solpharaetute. 

By the addition of an acid, the arsenious sulphide is repre- 
cipitated i' — 

AsHoKo, + AsHsKs, + 4Ha = 4KC1 

Hydric dipotas' Sulphhydrio Hydrodilorio Potassio 

sio arsenite. didolphopotassio acid. chieride. 

svlpharsenite. 

+ A«,S", + 30H,. 

Arsenions Water, 

sulphide. 

Protistite is a native sulphargentic sulpharsenite, AsAgSg. 



SXTLFHABSENIC ANHTDSIDE, Arsenic Sulphide. 

ASjjS'V 
Molecular weight »dlO. 

Preparation, — ^By fusing together arsenious sulphide and 
sulphur. Sulpharseniates may be. obtained by passing sulphu- 
retted hydrogen through solutions of arseniates : — 

AsOHoNao, + 4SH, = AsSHsNas, + 40H,. 

Sulphuretted Sulphhydrio disul^ho- 

hydrogen. sodio sulpharseniate. 



Hydric disodio Sulphuretted Sul{>hhydrio disul^ho- Water, 

arscniate. 



ANTIMONY, Sb,? 

Atomic weight =122. ProlcMe molecular weight =488. 8p, 
gr. G*7. Fuses at 430®. Atomicity '" and''. Evidence of 
atomicity : — 

Antimouious chloride SV'CL 



Et.Cl. 



Antimonic tetretho-chloride 

(Tetrethyl'Stihonic chloride), J '* 

Antimonic chloride Sb^Cl^. 



I. } «'>' 
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Occurrence, — ^To a small extent in the native state. Alloyed 
with metals in a few minerals. Sometimes in the form of 
oxide, but principally in the form of grey antimony ore or 
sfilmite, which consists of antimonious sulphide. 

Freparafion, — 1. By fusing the native sulphide and intro- 
ducing metallic iron, which removes the sulphur : — 



Sb,8", + 


3Fe 


= 3Pe8" 


+ 


Sb,. 


Antimonions 
sulphide. 


• 


Ferrous 
anlphide. 







2. The native sulphide is roasted in contact with the air, 
when it is partially converted into antimonious oxide : — 

2Sb,S"3 + 90, = 2Sb,03 + 6S0,. 

Antimonions Antimonious Sulphurous 

sulphide. oxide. anhydride. 

The roasted mineral is then fused with charcoal and sodic 
carbonate. The reaction takes place in two stages : first, the 
remaining sulphide is converted into oxide by the sodic carbo- 
nate, and subsequently the oxide i^ reduced by the carbon : — 

1. Sb,S"3 + 3CONao, = 3C0, + 3SN"a, + Sb.O, ; 



Antimonious 
sulphide. 


Sodio 
carbonate. 


Carbouic Sodio 
anhydride. sulphide. 


Antimonions 
oxide. 


2. Sb,0, + 


3C 


= 3C0 + Sb,. 




Antimonious 
oxide. 




Carbonic 
oxide. 





3. Antimony may be obtained in the pure condition by 
reducing, with charcoal, the oxide formed by the action of nitric 
acid upon crude antimony. 



COMPOUND OF ANTIMONY WITH STDEOQEN. 

ANTIMONIUBETTED HTDBOOEN, Antimonious Sydride. 

SbH3. 
Molecular, weight a 125. 

This compound is unknown in the pure condition. 
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^Preparation. — 1. By the action of hydrochloric acid upon an 
alloy of zinc and antimony : — 

Sb,Zn"3 + 6HC1 = 2SbH3 + SZnCl,. 

Antimonions Hydrochloric Antimoxiious Zincio 

zincide. add. hydride. chloride. 

2. By the action of nascent hydrogen evolved from zinc and 
sulphuric acid upon soluble antimony compounds. In both 
these reactions the antimonious hydride is always mixed with 
much hydrogen : — 

SbCl3 + 3H, = SbH, + 3HC1. 

Antimonioiis Antimonioas Hydroohlorio 

chloride. hydride. acid. 

Beactions. — 1. When burnt in air or in oxygen, it yields 
water and antimonious oxide : — 

2SbH3 + 30, = Sb.Og + 30H,. 

Antimonioas Antimonioas Water, 

hydride. oxide. 

2. When burnt with a limited supply of air the hydrogen 
only is oxidized, the antimony being deposited : — 

4SbH3 + 30, = Sb^ + GOH,. 

Antimonioas Water, 

hydride. 

3. Decomposed into its elements, like arsenious hydride, 
when passed through a red-hot tube. 

4. When transmitted through a solution of argentic nitrate, 
it produces a precipitate of antimonious argentide, thus dif- 
fering from arsenious hydride (see p. 125) : — 

3NO,Ago + SbH, = 3NO,Ho + SbAg,. 

Argentic Antimonious ITitrio Antimonioas 

nitrate. hydride. add. argentide. 

Prom the composition of this compound, and from that of 
some of its analogues, the composition of antimonious hydride 
is inferred. 

Antimonious hydride SbHj. 

Antimonious bromide SbBrj. 

Antimonious argentide SbAg,. 

k2 
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AntimoniouB zincide Sb2Zii"3, 

Antimonious ethide. {THethyhtibine.) SbEt,. 
Antimoniousamjlide. {Triamylitibine^ SbAjg. 



ooMFomms of antjoiont witr crlobine. 

AntimoniouB cUoride ERbCl,. 

Antimonic chloride SbClj. 



ANTIKONIOVS CHLOSIDE. 

SbClg. 

Molecular weigTit = 228*5. Molecular volume I I \ . 1 litre of 
antimon%ou8 chloride vapour weighs 114*25 criths. Fuses 
at 72^. Boils at 223^. 

Freparation. — 1. By passing chlorine over excess of metallic 
antimony or antimonious sulpMde, and purifying by distil- 
lation : — 

Sb, + 3CI, = 2SbCl,. 

Antunonioos 
chloride. 

2Sb,S", + 9C1, . = 4SbCl, + 3'S',C1,. 

AntimOAiotts Antimonious Disalphur 

sulphide. chloride. dichloride. 

2. By dissolving antimonious sulphide in hydrochlonc acid, 
or antimony in hydrochloric acid containing a little nitric acid, 
evaporating and distilling the product : — 

Sb.S", + 6HC1 = 3SH, + 2SbCl3. 

Antimonious Hydrochlorio Sulphuretted Antimonious 

sulphide. acid. hydrogen. chloride. . 

Sb,+6HC1 + 6NO,Ho - 2SbCl, + 60H, + 3W.p^. 

Hydrochlorio Kitrio Antimonious Water. Nitric 

Mid. add. chloride. peroxide. 
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3. By distilling antimony or antimonious sulphide with 
mercuric chloride: — 

Sb, + 4HgCl, = 2SbCl3 + 'Sb",Hg", + 'Hg'.C],. 

Mercnrio Antamonions Pimeronrio Meronroos 

chloride. chloride. diantimonide. chloride. 

Sb^S", + 3HsC], = 2SbCl, + 3HgS". 

Antimonious Mercnrio Antimonioos Meroorio 

sulphide. diloride.! chloride. sulphide. 

4. By distilling antimonious sulphate with sodic chloride : — 
SaOeSbo'", + 6NaCl = 2SbCl3 + 8SO,mo,. 

AntimoniouB Sodio Antimonious Sodio 

sulphate. chloride. chloride. sulphi^ 

Beaction, — ^With water it produces antimonious oxychlo- 
ride ; — 

SbClg + OH, == 2HC1 + SbOCl. 

Antimonious Water. Hydrochlorio Antimonious 

chloride. acid. ozyGhloride.] 

Long-continued action of water transforms this compound 
into antimonious oxide : — 

2SbOCl + OH, = 2HC1 + Sb^O,. 

Antimonious Water. Hjdroohlorio Antimonious 

oxychloride. acid. oxide. 



ANTIKONIC CHLOmOE. 
SbCl.. 
Molecular weight =299*5. Fuses at 0°. 

Preparation. — 1. By acting upon antimony with excess of 
chloriuo : — 

Sb, + 5C1, = 2SbCa,. 

Antimonio 
chloride. 

2. By passing chlorine over antimonious chloride, the latter 
liquefies, producing antimonic chloride ; — 



SbCla + CI, = SbCl,. 

Antimonious Antimonio 

chloride. chloride. 
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Reactions, — 1. With a small quantity of water it forms 
antimonic oxytricliloride, analogous to phosphoric oxjtrichlo- 
ride : — 

SbCl, + OH, = SbOCla + 2HC1. 

Antimonio Wi^er. Antimonio Hydrochloric 

chloride. oxytrichloride. acid. 

2. An excess of water transforms antimonic chloride into 
orthantimonic acid or pyrantimonic acid, corresponding to 
pyrophosphoric acid : — 



SbCl, + 4OH2 = SbOHo, + 6HC1: 

Antimonic Water. Orthantimonic Hydroohlori 

chloride. acid. acid. 



or2SbCl, + 70K, = Sb,0,Ho, + lOHCl. 

Antimonic Water. Pyrantimonic Hydrochloric 

chloride. acid. acid. 

3. By the action of sulphuretted hydrogen antimonic Bul- 
photrichloride is formed:— 

SbCl, + SH, = SbS"Cl3 + 2HC1. 

Antimonic Snlphurotted Antimonio Hydrochloric 

chloride. . hydrogen. sulphotric^oride. acid. 

Antvmonioua Iromide, SbBPg, resembles antimonious chloride; 
it fuses at 90°, boils at 270° and by the action of water is 
converted into the oxybromide, SbOBr. 

Antimonious iodide, Sblj, when acted upon by water forms 
the occyiodide, SbOI. 

The corresponding j^t^n'^^^, SbFg, is said to exist and to be 
soluble in water without decomposition. 



OXIDES AND ACIDS OF ANTIMONY. 

Antimonious oxide or anhydride Sb^Og. 

Diantimonic tetroxide 'Sb*%0^. 
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Antunonic anhydride Sb^Os. 

Metantimonious acid ...'. SbOHo. 

OrtHantimonic acid SbOHOg? 

Metantimonic acid SbOaHo. 

Pyrantimonic acid Sbj^Ogllo^. 



ANTIMONIOUS OXIDE, OB ANHTDBIOE. 



Bhfi,. 



Molecular weight ies:292. 



Occurrence. — In nature in the rare minerals vahntiniie and 
senarmontite. 

Preparation, — 1. By burning antimony in air : — 

2Sb, + 30, + 2Sb,03. 

Antimonioua 
oxide. 

2. By pouring a solution of antimonious chloride in dilute 
hydrochloric acid into a boiling solution of sodic carbonate : — 

2SbCl3 + SCONaOa = S\0, + 3C0, + 6NaCL 

Antimonious Sodic Antimonious Carbonic Sodic 

chloride. carbonate. oxide. anhydride. chloride. 

3. By heating metantimonious acid to the temperature of 
boiling water : — 



'O 



2SbOHo = OH, + Sb.Og. 

Metantimonious Water. Antimonious 

acid. . oxide. 

Beaction9,-^l. When heated to redness in the air, it bums 
like tinder, forming diantimonic tetroxide : — 

Sb.Oa + O = 'Sb*%0,. 

Antimonious Diantimonic 

oxide. tetTQxide. 
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METAimMONIOUS ACID. 



2. Bcadilj reduced to tlie metollic state bj ignition wiih 
charcoal, hydrogen, ix. 



Sb^Oa + C, = Sb, + SCO. 

codde* 



CsHmbL: 
oxide. 



Sb,0, + 3H, == Sb, + 30H,. 

Antmioiiuiiis Water, 

oxide. 

3. Beadily diBsolved by a hot solution of hydric potassic tar- 
trate (cream of tartar), forming potassic antimonylic tartrate 
(tartar emetic) : — 



(COHo fCO(Sb'"0,) 

CHHo . Kho - oJCHHo 

CHHo + ^*^' - ^ I CHHo 
COKo [ COKo 



+ OH,. 



H jdric potaaaic 

tartrate (Cream 

of tartar). 



Antimopiooa 
oxide. 



Potaaaio antunonylio 

tartrate (Tartar 

emetic). 



Water. 



4. DlBsolved by hydrochloric acid, forming antimonious 
chloride : — 



SbA + 6HC1 = 2SbCl3 + 30H,. 

Antimonioaa Hydrochlorio Antimonioxis Water, 

oxide. add. chloride. 



UETAimHONIOTJS ACH). 
SbOHo. 
Molecular teeiglit slSS. 

Preparation.— "Bj pouring a solution of antimomous chloride 
into a cold solution of sodic carbonate : — 

2SbCl, + aOONao, + OH, = 2SbOHo 

AnttmoniooB Sodio Water. Metantimonioiia 

chloride. carbonate. acid. 

+ SCO, + 6NaCl. 



Carbonic 
anhydride. 



Sodic 
chloride. 



ANTIMONIC ANHTDBIDE. 
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Seactions. — 1. Decomposed hj heat (page 135). 
2. Eeadilj dissolved by alludine hydrates, producing ill- 
defined antimonites. 



DIANTIMONIC TETROXIDE. 

{sbo, ^ 

Molecular weight =308. 

Occurrence. — ^Found native as cervantite, 

JPreparation. — 1. By igniting antimonic oxide, or the white 
solid produced by the action of nitric acid upon metallic anti- 
mony : — 

= 2'Sb^O, + 0,. 



2Sb,0, 

Antimonio 
oxide. 



Diantimonio 
tetroxide. 



2. By heating antimonious oxide in contact with the air: — 



2Sb,03 + 0, = 

Antimonioos 
oxide. 



2'Sb",0,: 

Diantimonio 
tetroxide. 



ANUKONIC OXIDE OB AITHTSBIPE. 

Sb,0,. 

Molecular weight =824. ^. gr, 6"6. 

Preparation. — ^By gently heating the corresponding acids:— 



2SbOHo3 


= SbA 


+ 


30H,. 


Orthantimonio 
acid. 


Antimonio 
anhydride. 




Water. 


2SbO,Fo 


= Sb,0, 


+ 


OH,. 


Xetantimonic 
acid. 


Antimonio 
anhydride. 




Water. 


Sb,03Ho, 


= SbA 


+ 


2OH2. 


Fvrantimonic 
add. 


Antimonio 
anhydride. 




W«it«r. 
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Beactiona. — 1. "When heated, it is decompofted into dianti- 
monic tetroxide and oxygen (see page 137). 

2. Eased with potassic carbonate, it produces potassio met- 
antimoniate : — 



Sb,0, + 


COKo, 


= 2Sb02Ko + CO^. 


Antiinonio 
anhydride. 


Potassio 
oarbonate. 


Potassio Carbonic 
metaatimoniate. anhydride 



ORTHAnrrmoNic aqd? 

SbOHog? 

Preparation, — Said to be formed by the action of water upon 
antimonic chloride (see p. 134!). 



METANTIMONIC ACID. 

SbOjHo. 

PreparatUm.-^l. By the action of nitric acid containing a 
little hydrochloric acid on metallic antimony : — 

Sb, + 4NO,Ho = 2SbO,Ho + N,0, 

I^itric add. Metantimonio Kitrous 

acid. anhydride. 

+ W.O, + OH,. 

Nitric oxide. Water. 

2. By the spontaneous dehydration of orthantimonic acid, or 
of pyrantimonic acid : — 

SbOHo3 = OH, + SbO,Ho; 

Orthantimonic Water. Metantimonio 

acid. add. 

Sb,0,Ho, = OH, + 2SbO,Ho. 

Pyrantimonic Water. Metantimonio 

add. add. 
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Beaction, — By the action of alkaline hydrates it produces 
either metantimoniates or orthantimoniates : — 

SbO,Ho + OKH = SbO,Ko + OH,; 

liCetantimonio Fotassio Fotasito Water, 

aoid. bjdiate. metantimoniate. 



SbO,Ho + OKH = SbOHo,Ko. 

kletantimonio Fotassio Dilnrdrio potassio 

ftdd. bjdrate. orthantinumiate. 



FTBANTIMONIC ACID, Parantimonio Acid. 
(MBtanthnonio aoid of Fremy.) 
Sb,0,Ho,. 

Freparation. — ^By acidifying solutions of pyrantimoniates : — 

Sb^OgKo^Ho, + 2HC1 = Sb.OaHo, + 2KCL 

Dihydrio dipotassio Hjdroohlorio Fyrantimonio Fotasaio 

])yrantimoiuate. ooid. add. chloride. 

Dihydric dipotassic pyrantimoniate is prepared by fusing an- 
timonic anhydride with excess of potassic hydrate, and extract- 
ing the mass with water, when an alkaline solution containing 
dihydric dipotassic pyrantimoniate SbgOgHOaKo^ is formed. 
This solution produces precipitates in solutions of sodium 
salts, the sodic pyrantimoniate thus formed containing 
Sb.OjHoaNaOj, 60H,. 



COMFOTTNJD OF ANTIMONY WITR OXYGEN 

AND SULPHUR 

ANTDCONIOUS OXTDISULFHIDE. 

SbS" 

O =Sb,S",0. 

SbS" 

Molecular weight =324. 

Occurs as a rare mineral known as red antimony. 
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COMPOUNDS OF ANTIMONY AJn) SULFHUB. 



n 
3* 



Antunonious Bulpliide Sb^S 

Autimonic sulphide Sb^S''^. 



AHTIHONIOUS SULPHIDE, SulphatUimoniow Anhydride. 



SbjS'y 
Molecular weigJit =340. 

Oeewrence, — ^In nature as stSmite or grey antimony ore. 
Preparation. — 1. By heating together antimony and sulphur, 
or antimonious oxide and sulphur in the proper proportions:— 

2Sb, + 38, = 2Sb,S"3. 

Antunonioiu 
snlphide. 

2Sb,0, + S, = 2Sb,S", + 3S0,. 

Antimonioas Antimoniotia Salphnrona 

oxide. sulphide. anhydride. 

2. By passing sulphuretted hydrogen through a solution of 
antimonious chloride : — 

2SbCl3 + 3SH, = Sb,S"3 + 6HC1. 

Antimonions Snlphnretted Antimoiuoas Hydrochlorio 

chloride. hydrogen. sulphide. acid. 

Eeactions, — 1. Decomposed by hot hydrochloric acid (see 
p. 132). 

2. Soluble with decomposition in solutions of alkaline hy- 
drates : — 

Sb,S"3 + 6KHo = SbKs3 + SbKo3 + 30H,. 

Antimonioiu Fotassio Tripotassic Tripotassic Water, 

sulphide. hydrate. snlphantl- antuuonite. 

monite. 

Addition of an acid reproduces and precipitates the antimo- 
nious sulphide : — 

SbKs3 + SbKo3 + 6HC1 = Sb.S", + 6KC1 + 30H,. 

Trisulpho- Tripotassic Hydro- Antimo- Fotassio Water. 

potassio antunonite. chloric nious chloride. 

Biuphanti- add. sulphide. 

monite. 
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3. Soluble in alkaline sulphhydrates : — 

Sb,S", + 6KHs = 2SbKs3 + 3SH,. 

'Antimomons Fotassio Trisolphopotassio Solphnretted 

sulphide. snlph- sulphuiti- hydrogen. 

hydrate. monite. 



SULFHANTIMONITES. 

Many sulpliantimonites occur in nature : — 

Orthosulphantifnonites. 
General formula : — SbMsg and Sb^Me'V 

Dark-red silver. Triatdpharffentic sulphan- 

tvmonite SbAgSg. 

Boulangerite. IHsulphopltmbic sulphaU' 

timonite SbjjPbs '3. 

Bournonite. Disulphojplumbic sulphocu- 
prom sulphantimonite ^Sb^\)^'\{Cix^" ^" . 

Metaaulphmtmonites* 
General for mulai'SbS'M.s and Sb2S"2Ms'. 

Miargyrite. Sulphirgentic metasulphan' 

timonite SbS"Ag8. 

Zinkenite. Sulphopltmbio metasulphanti' 

monite SbaS"^Pbs". 

Antimony copper glance. Sulphocuprous 

metasulphantimonite Sb2S"3(CUjj8"j)". 

Berthierite. 8ulpkoferrou8 metasulpTian' 

timonite Sb^S^'aPes". 



PyrosulpJiantimonites, 
General formulcB:—8h^S"M8^ and Sb,S"Ms'V 

Peatber ore. SulpTioplumbic pyroBulplian' 
timonite Sb^S'Tba",. 

Pablore. Sulphocuprosoferroiispyroaulph' 
antimonite SbaS"(CUaPeS'X- 
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AHTIMDHIC SULPHIDE, Sulphmtimonic JMkyiride. 

Molecular weiglit =404. 

JPreparatian. — 1. By passing sulphuretted hydrogen through 
a solution of antimonic chloride : — 

2SbCl, + 5SH, = Sb,S", + lOHCL 

Antimonic Sulphuretted Anftimonie Hydrodilonc 

chloride. hjdrogeo. su^hidew add. 

2. By the addition of an acid to a solution of a sulphanti- 
moniate : — : 

2SbS"Na83 + 6HCI = Sb,S", + 6NaCl + 8SH,. 

Trimlphoiodio Hydro- Antimonic Sodic Bn^hn- 

ffalphantimoniate. chloric solphide. chloride. retted 

add. hydrogen. 

Reactions. — 1. Decomposed by boiling hydrochloric acid, into 
antimonious chloride^ sulphuretted hydrogen, and sulphur: — 

Sb,S", + 6HC1 = 2SbC\, + 3SH, + S,. 

Antimonic Hydro- Antimonious Sulphn- 

solphide. cmorio chl(nide. retted 

add. hydrogen. 

2. Soluble in solutions of alkaline sulphides : — 

Sb,S", 4- 8SK, = 2SbS"Ks3. 

Antimonic Potassio TriBulphopotasrio 

Bulphide. sulphide. solphantimoniate. 

3. Soluble in solutions of alkaline hydrates : — 

4Sb,S". + 240KH = 3SbOKo, + 5Sb8"Ks, + 120H,. 

Antimonic Fotassio Tripotassio Trisulphopotassio Water. 

sulphide. hydrate. antimoniate. sulphonti- 

moniato. 
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BISMUTH, Bi, ? 

Atomic weight e=208. Sp. gr. 9*83. JFWm at 265° Atomiciti/ 
' "' and ^ Evidence of atomicity : — 

Bismuthous chloride Bi'"Clg. 

Bismuthous oxide 'B>\!'\0^. 

Bismuthous ethide Bi"'Efc3. 

Bismuthous dichlorethide Bi'^EtClj. 

Bismuthic anhydride Bi^^Og. 

Occurrence. — Principally in the metallic state in nature. 

Preparation. — 1. On a large scale by fusion and separation 
from earthy impurities. 

2. It may be obtained in the pure state by dissolving com- 
mercial bismuth in nitric acid, precipitating the basic nitrate 
by addition of water, and reducing the precipitate by ignition 
with charcoal, 

No compound of bismuth with hydrogen is known. 



COMFOTTNT) OF BISMUTH WITH CHLOBINE. 

BISMTTTHOUS CHLORIDE. 

. BiClg. 

Molecular weight =31 4*5. Molecular volume I I 1 . 1 litre of 
bismuthous chloride vapour weighs 157*25 criths* 

Preparation. — 1. By passing dry chlorine over metallic bis- 
muth : — 

Bi^ + 3C1, - 2BiCl3. 

Bismnthons 
chloride. 

2. By evaporating a solution of bismuth in hydrochloric acid 
containing a little nitric acid, and distilling. 
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3. Bj distilling metallic bismntb with mercuric chloride : — 
Bi, + GHgCl^ = 2BiCl, + 3'H6',C1,. 

Mercnric Kaamtfaoas JCereoroaa 

cUoride. diloiide. diloiide. 

SeaeHan. — Bj the addition of water it is decomposed, form- 
ing bismnthons oxychloride - — 

BiCl, + OH^ = BiOa + 2Ha. 

Bitmntiioaa Water. Biamntfioiis Hrdrocfalo- 

chloride. o^dklonde. tie tad. 

The following compounds are also known : — 

Bismnthons bromide BiBr,. 

Bismuthous iodide Bil,. 



Bismnthons fluoride ^^3. 

Bismuthous oxybromide BiOBr. 

Bismuthous oxyiodide BiOI. 

Dibismuthous tetrachloride j BiCL 



COMPOUNDS OF BISMUTH WITH OXTQEK 

AUB RTDEOXTL. 

Dibismuthous dioxide -j wq' 

Bismuthous oxide Bi^Og. 

Dibismuthic tetroxide 'Bi'^^O^. 

Bismuthic anhydride Bi^Oj. 

Bismuthous oxyhydrate, or meta- 1 wiOHo 
bismuthous acid J 

Mctabismuthic acid BiOaHo. 



BISHUTHOUS OXIDE. 
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BISKUIHOTTS OZIDE. 

Molecular weight =464. 8p. gr. 8*2. 

Occurrence, — As the rare mineral Usmuih ochre. 
Frepwration, — ^1. By burning bismutli in air or oxygen. 
2. By heating the nitrate, carbonate, or hydrate : — 



2N30eBio 

Bismnthoos 
nitrate*. 



in 



Bi,o, 

BiamnthoTis 
oxide. 



+ 8N,0, + 

NitrouB 
anhydride. 



30,. 



2NO,(Bi"Ho,0) = Bi,0, + 20H, + N.O, + O,. 

Bismnthona nitrate Bismnthons Water. Nitroos 

dihydratef. oxide. anhydride. 



CO(BiOJ, 

Bismnthylio 
carbonate |, 



= Bl,0, + CO,. 

Carbonic 
anhydride. 



Biamnthoos 
oxide. 



2BiOHo » 

BiamathonB 
oxyhydrate. 



Bi,0, 

Bismnthons 
oxide. 



OH,. 

Water. 



0=N=0 

I 
O 



^i 



o 

II 
O 



o''^ 



o 

\ll 

N 



O 



Bismnthons nitrate. 



H 



\ 



^ 



O 

''n II 

Bi— O— N 



Blsmnthoiu nitrftte dihydrate. 



O 

0=-Bi— O— C— -Bi-0. 

Bismuthylio carl^nate. 
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• 

3. By boiling bismuthous hydrate in solution of potassic hy- 
drate, whereby it is converted into bismuthous oxide with loss 
of water. 

Beactions. — Dissolved by hydrochloric, nitric, and sulphuric 
acids, forming the bismuthous chloride, nitrate, and sul- 
phate: — 

BiClg. - N30eBio"'. S30eBio"',. 

Biemuthons BismuUioaB Biamuthons 

chloride. nitxate. sulphate. 



BISMUTHOUS OXTHTDBATE, Metahismuthous Acid. 

BiOHo. 

. "JPreparaUon, — By pouring & solution of bismuthous nitrate 
in dilute nitric acid into dilute ammonia or pptassic hydrate, 
and drying the precipitate, which, at first, probably contains 
orthobismuthous acid : — 

NgOeBio'" -f- 30KH = BiHo3 + 3NO,Ko. 

Bismuthous Fotassio Orthobismuthous Fotassio 

nitrate. hydrate. acid. nitrate. 

BIH03 = BlOHo + OH,. 

Orthobismuthous Metabismuthous Water, 

add. acid. 

Beaction, — By heat or by boiling with caustic alkali, water 
is expelled, and bismuthous oxide formed (see p. 145). 

An unstable metabismuthite is produced by fusing bismu- 
thous oxide with sodic carbonate : — 



Bi^O, + 


CONao, 


«= 2BiONao 


+ CO,. 


Bismuthous 
oxide. 


Sodic 
carbonate. 


Sodic 
metabismuthite. 


Carbonic 
anhydride. 



BISHUTHIC OXIDE, OB AUTHTDBIDE. 

Bi,0.. 

Preparation. — By heating bismuthic acid to 130°. 
Beactiom. — 1. "When heated to the boiling-point of mer- 



METABISMUTHIC ACID. 
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cury, it loses oxygen, being converted either into bismuthous 
oxide or dibismuthic tetroxide : — 



^KO, = 



Binuuthio 
oxide. 

Bismuthio 
oxide. 



Bi^o, 

Bismuthous 
oxide. 

Dibismuthio 
tetroxide. 



+ 0, 



+ 



0, 



2. When heated in a current of hydrogen, it is readily reduced 
to bismuthous oxide. 

3. Heated with hydrochloric acid, it evolves chlorine, produ- 
cing bismuthous chloride and water ; — 

-f- lOHCl = 2BiCl3 + 5OH2 + 2C1,. 



Bismuthic 
oxide. 



Hydrochloric 
acid. 



Bismuthous 
chloride. 



Water. 



4. Sulphurous acid converts it into bismuthous sulphate : — 



3Bi,0, + 6SOH0, = 2S30eBio'", + BiA + 60H,. 

Bismuthio Sulphurous Bismuthous Bismuthous Water, 

oxide. acid. sulphate. 



Bismuthous 
oxide. 



5. When heated with sulphuric or nitric acid, it evolves 
oxygen, producing bismuthous sulphate or nitrate : — 



Bi,0, 

Bismuthic 
oxide. 

Bi.o, 

Bismuthic 
oxide. 



+ 3SO,Ho, 

Sulphuric 
acid. 

+ 6NO,Ho 

Nitario 
acid. 



= S,0„Bio"', + 30H, + 



Bismuthous 
sulphate. 

2N30.Bio 

BismnthoOB 
nitrate. 



Iff 



+ 



Water. 



30H, 

Water. 



+ 



3 > 



o,. 



METABISMUTHIC ACID. 

BiO,Ho. 

Preparation. — Obtained as a red deposit by passing chlorine 
through a solution of potassic hydrate containing bismuthous 
oxide in suspension : — 

40KH + 2C1 + Bi,03 « 2BiO,Ho + 4KC1 + OH,. 



Potassic 
hydrate. 



Bismuthous 
oxide. 



Metabismuthio 
add. 



Fotassio 
chloride. 

l2 



■■a' 
Water. 



148 BISMUTHOUS SULPHIDE. 

Reaction, — ^Dissolves in hot solution of potassic hydrate. B y 
the addition of an acid to the liquid, a salt, said to hare the 
composition 

Bi,O^HoKo, 

is precipitated. 



COMPOUNDS OF BISMUTH WITH 8ULPRUB. 

Dibismuthous disulphide 'Bi",S' ',. 

Bismuthous sulphide Bi^S'^ 



DIBISMUTHOUS BISULPHIDE. 



( 






Molecular toei^ht =480. Sp, gr, 7*3. 

Preparation, — By fusing bismuth and sulphur together in 
the proper proportions. 



BISinJIHOUS SULFHIBE. 

Bi^S'V 

Molecular weight a512. Sp. gr. 6*4. 

Occwrrence. — As the rare mineral bismuth glance. 

Preparation. — 1. By fusing sulphur and bismuth in the 
proper proportions. 

2. By precipitating bismuth solutions by sulphuretted hy- 
drogen : — 

2BiCl3 + 3SH, = Bi,S"3 + 6HC1. 

Bimnnthous Sulphuretted Bismuthous Hydroohlorio 

cnloride. hydrogen. sulphide. acid. 
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Beaction, — This compound is not dissolved by alkaline hy- 
drates or sulphhydrates. 

A few sulphobismuthites are found in nature : — 

Kobellite. Sulphoplumhic sulphohismutMte, Bi^Pba'^g. 
Needle ore. Disulphopltmihic'dicuprous i «. p^ ,/ /"Pu' S V 
sulphohismutMte , J * * ** 



BISMTTTHOUS DITELLUBO-SULPHIDE. 

Bi,Te",S". 
/Sp. yr. 7*5 to 7-8. 

Occurrence, — In nature, as telluric hismuth or tetradymite. 



CHAPTER XVIL 

MONAD ELEMENTS. 

Section III. 

POTASSIUM, K,. 

Atomic weight =39. I^rohable molecular weight =78. 8p, gr, 
0*865. Fuses at 55°. Boils at a low red heat. Atomicity'. 
Evidence of Atomicity: — 

Potassic chloride KCl. 

Potassic iodide KI. 

Potassic hydrate KHo. 

Potassic sulphide SK^. 

. Occurrence. — In rocks in the form of silicate, and in soils 
partly as carbonate* As chloride in solid saline deposits. 
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In the juices of almost all plants, generally in combination 
with organic acids. 

In sea-water and in most mineral waters. 

JBreparation, — 1. By the action of a powerful voltaic current 
upon potassic hydrate, when potassium and hydrogen are libe- 
rated at the negative pole : — 

20KH = K, + H, + O,. 

Potassic 
hydrate. 

2. By submitting potassic hydrate to the action of metallic 
iron at a strong white heat : — 

40KH + SFe = ^'(Pe.y^O^ + 2K, + 2H,. 

Potassic Magnetic iron 

hydrate. oxide. 

3. By igniting hydric potassic tartrate (cream of tartar) put 
of contact with air, and subsequently mixing the residue, con- 
sisting of potassic carbonate and carbon, with charcoal, and 
distilling at a very high temperature : — 

First operation : — 

+ 3C. 



COKo 




CHHo 
CHHo - 


COKo, + 50F, + 4C0 


COHo 




Hydric 
potassic 
tartrate. 


Potassic Water. Carbonic 
carbonate. oxide. 

Second operation ; — 


COKo, 


+ 2C =■ 3C0 + K,. 


Potassic 
carbonate. 


Carbonic 
oxide. 



Reactions. — 1. Potassium decomposes water at the common 
temperature with great energy, the heat evolved being suffi- 
cient to cause the ignition of the liberated hydrogen : — 
K, + 20H, = 2KHo + H,. 

Water. Potassic 

hydrate. 

2. "When potassium is ignited in a stream of carbonic anhy- 
dride, a portion of the latter is decomposed : — 

2K, + 3C0, = 2COKo, -|- C. 

Carbonic Potassic 

anhydride. carbonate. 
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COMPOUNDS OF POTASSIUM WITH GRLOBINE, 
BROMINE, IODINE, AND FLUORINE. 

Potaasic chloride KCl. 

Potassic bromide KBr. 

Potassic iodide KI. 

Potassic fluoride KE. 

Potassic iodide is prepared by digesting iron filings, water, 
and iodine together, filtering the colourless solution, and pre- 
cipitafcing the iron by potassic carbonate :-— 

Pe + I, = Pel,; 

Ferrous 
iodide. 

Pel, + COKo, = 2KI + COFeo". 

Ferrous Potassic Potassic Ferrous 

iodide. carbonate. iodide. carbonate. 



COMPOUND OF POTASSIUM WITH RTDROXTL. 

POTASSIC HYDRATE, Camtic Potash, Potash. 

KHo, or OKH. 

Preparation. — 1. By boiling in an iron vessel a solution of 
potassic carbonate with calcic hydrate : — 

COKo, + CaHo, = 2KHo + COCao". 

Potassic Caloio Potassic Oalcio 

carbonate. hydrate. hydrate. carbonate. 

2. By the action of potassium upon water (see p. 150). 
Reactions* — By contact with acids potassic hydrate produces 
potassium salts :— 

KHo -f HCl = KCl + OH,: 

Potassic Hydrochloric Potassic Water, 

hydrate. add. chloride. 

KHo + SO,Ho, = SO,HoKo + OH,: 

Potassic Sulphuric Hydric potassic Water, 

hydrate. acid. sulphate. 

2KHo + SO,Ho, = SOjKo, + 20H,. 

Potassic Sulphuric Potassic Water, 

hydrate. add. sulphate. 
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fOTA88IC OXIDB. 



COMFOUITDS OF POTASSIUM WITH OXYGEN. 



Potassic oxide OK,. K— 0— K 

Fotossic dioxide ] OK' "^ — ^ — ^ — ^' 

K 



Potassic tetroxide 



fOK 


• 

OK 



O 

A 
I 



1 

o 

I 

K 



POTASSIC OXIDE. 
OK,. 

Preparation. — 1. By heating potassic hydrate with potas- 
sium:— 



2KHo + K, = 20K, 

Fotassio Potassic 

hydrate. oxide. 



H,. 



2. By fusing together, in a current of nitrogen, potassic 
peroxide and potassium : — . 



KA + 3K, = 40K,. 

Potassic Potassic 

peroxide. oxide. 



POTASSIC DIOXIDE. 

K,0,. 

Preparation, — Obtained by the action of water on potassic 
peroxide. 



FOTASSIC SULPHIDES. 153 

POTASSIC TETEOXIDE, Fotassio Feroxide. 
Preparation. — By fusing potassium in a current of oxygen. 

COMFOUNB OF POTASSIUM WITS ETDEO- 

SULPSTL. 

POTASSIC STTLFHHTSRATE. 

KHs. 

Preparation. — ^By saturating potassic hydrate with sulphu- 
retted hydrogen : — 

KHo + SH, = KHs + OH,. 

FotaBsio Sulphuretted Potassic Water, 

hydrate. hydrogen. sulphbydrate. 

COMFOUJWS OF FOTASSIUM WITH SULFRUB. 

The following have been obtained : — 

Dipotassic sulphide SKj,. K — S — K 

Dipotassic disulphide K^Sj. K — S — S — K 

Dipotassic trisulphide K^Sg. K — S — S — S — K 

Dipotassic tetrasulphide . . . K,S,. K— S— S— S— S— K 

Dipotassic pentasnlphide . . KjSj. K — S — S — S — S — S — K 

Dipotassic hepta- 1 g- g p k-S-S-S-S-S-S-S-K 
sulphide J 



DIPOTASSIC SULPHIDE. 
SK„. 



■2' 



Freparation. — 1. By the action of potassic hydrate on potassic 
sulphhydrate : — 

KHo + KHs = SK, + OH,. 

Fotassio Potassic Dipotassic Water, 

hydrate. sulphhydrate. sulphide. 
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LIVXB OF SXHiPHUK. 



2. By igniting potassic sulphate with hydrogen or carbon :- 



SO,Ko, + 

Potassio 
sulphate. 



4H, = SK, + 40K. 



"2 » ■^^■'-^2' 

Dipotassio Water, 

sole 



Bolphide. 



Reactions of dipotassic sulphide and the higher potassic sul- 
phides : — 1. By herfting dipotassic sulphide with the necessary- 
quantities of sulphur, it forms the higher potassic sulphides. 

2. The potassic sulphhydrate and dipotassic sulphide, when 
acted upon by acids, yield sulphuretted hydrogen : — 



KHs + HCl = KCl + 



Potassic 
sulphhydrate. 



Hydrochloric 
acid. 



SK, + 2HC1 = 

Dipotassic Hydrochloric 
sulphide. acid. 



Potassic 
chloride. 

2KC1 

Potassic 
chloride. 



SH,. 

Sulphuretted 
hydrogen. 

+ SH,. 

Sulphuretted 
hydrogen. 



3. The higher potassic sulphides, similarly treated, yield sul- 
phuretted hydrogen and a precipitate of sulphur : — 

K,S3 + 2HC1 = 2KC1 -f SH, + S,. 

Dipotassic Hydrochloric Potassic Sulphuretted 

trisulphide. acid. chloride. hydrogen. 

4. A mixture of the higher potassic sulphides and potassic 
hyposulphite, known under the name of hepar sulphv/ris or liver 
of sulphury may be prepared by heating potassic carbonate with 
sulphur ; — 

2K,S3 



3COKo, + 4S, = 



+ SS"OKo, + 



Potassic 
carbonate. 



3COKo, + 6S, = 



Potassic 
carbonate. 



Dipotassic 
trisulphide. 

2KA 

Dipotassic 
pentasulphide. 



Potassic 
hyposulphite* 

+ SS"OKo, 

Potassic 
h3rposulphito. 



+ 



3C0, ; 

Carbonic 
anhydride. 

3C0,. 

Carbonic 
anhydride. 



5. The last mixture, when acted upon by acids, suffers suc- 
cessively the following decompositions : — 



2KA 

Dipotassic 
pentasulphide. 

+ 



SS"OKo, + 6HC1 = 6KC1 



+ , 

Potassic 
hyposulphite. 

SS"OHo, + 2SH 



Hydrochloric 
acid. 



then 



H3rposulphurouB 
acid. 



Sulphuretted 
hydrogen. 



4S 



Potassic 
chloride. 

2) 



SS"OHo, = SO, 

Hyposidphurous Sulphurous 

acid. anhydride 



+ s + 



OH,. 

Water. 
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POTASSIC CARBONATE. 

COKo,. 

Freparation. — 1. By lixiviating the aslies of land-plants. 
2. By burning hydric potassic tartrate in a current of air. 



SODIUM, Na^. 

Atomic weight =23. JBrohable molecular weight =46. 8p, gr\ 
0*97. T'uses at 90°. BoiU at a red heat, Atomicitg \ 
Evidence of atomicity: — 

Sodic chloride NaCl. 

Sodic hydrate ONaH. 

Sodic oxide ONaa- 

Occurrence, — In nature in the form of chloride. In sea-water 
and most springs. As silicate in several minerals. 

Preparation. — 1. By electrolyzing sodic hydrate. 

2. By acting upon sodic hydrate with metallic iron at a 
strong white heat. 

Manufacture. — By distilling in an iron retort a mixture of 
sodic carbonate and charcoal : — 

CONao, + 2C = Na, + 3C0. 

Sodic Carbonio 

carbonate. oxide. 

^Reactions. — Similar to those of potassium, but less energetic. 
The compounds of sodium very much resemble those of po- 
tassium. 

SODIC CARBONATE. 

CONao,. 

Manufacture. — 1. Formerly by the lixiviation of the ashes 
of marine plants. 
2. By Leblanc's process, which consists in first transforming 
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sodic chloride into sodic sulphate by the action of sulphuric 
acid : — 

2]SraCl + SO^Ho, = 2HC1 + SO^lSTao,. 

Sodio Sulphnno Hydrochloric Sodic 

chloride. a!old acid. sulphate. 

The sodic sulphate (technically termed 'salt cake) is next 
heated with calcic carbonate and small coal. The carbon re- 
duces the sodic sulphate to sulphide, and the calcic carbonate 
transforms the sodic sulphide into sodic carbonate, insoluble 
calcic oxysulphide being simultaneously produced ; — 

5SO,Nao, + 20C = SSNag + 20CO; 

Sodic Sodio Carbonic 

sulphate. sulphide. oxide. 

5SNa2 + 7COGao" = SCONaoa 

Sodio Calcic Sodic 

sulphide. carbonate. carbonate. 

+ 5CaS", 2CaO + 2CO2. 

Caldc ozyisulphide. Carbonic 

anhydride. 

The sodic carbonate, commonly called soda ash, is obtained 
by the extraction of the resulting mass with water. 



LITHITIM, Li,. 

Atomic weight =7. Frohable molecular weight =14. Sp, gr, 
=0*59. Fuses at 180°. Atomicity ', ^Evidence of ato- 
micity ; — 

Lithic chloride LiCl. 

Lithic hydrate (Lithia) OLiH. 

Occurrence. — In nature, in the miaeTols petalite, spodumene, 
lepidolitCf and iripJiylline, and in small quantities in some 
mineral waters and ashes of plants. 

The properties of lithiuin resemble those of potassium and 
sodium ; and the compounds of the three metals also exhibit 
considerable similarity. 



THALIIDM. 



157 



C -ESnJK and RUBIDIUM. 
The compounds of tlie two mctala 'cffisiuia (Cti=133) and 
l*ubidium (Itb=85'5), which have been recently dificovered, 
E dosely resemble those of potassium and sodium. 



Secttok IV. 

thallium:, ti,. 

m^omic taeiffii =204. Frohable molecular weight =403. Sp. 
jnll'Sltoll^Sl. Fu»esat5&l°. Atomiciti/' and perhaps'". 
Evidence of atomicity : — 

Thallic chloride TlCl, 

Thallieoxide OTl,. 

Thallic perchloride T1"'C1,? 

Occurrence. — In small quantities in certain variefiiea of py- 
idtes, and iu minute quantities in some mineral springs. 
Preparation. — By extracting with water the deposit formed 
Q the fluea of sulphurio acid-chambers, and precipitating the 
m by hydrochloric acid. The chloride is conyerted into 
Bulphate by the action of sulphuric acid ; and when purified, a 
solution of the sulphate is decomposed by metallic zinc, which 
precipitates the metallic thallium. 

tTho following list contains the principal compounds of thia 
ital: — 
ThaDic chloride TlCl. 
Thallic perchloride TlCl,? 
Thallic oiide OTl,. 
fOTl 
Thallic peroiide f i O ? 
[OTl 
Thallie sulphide STl,. 
ThaUic nitrate NO^Tlo. 
Thallic sulphate SO,Tlo„ 
Thallic carbonate OOTlo,. 
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Two other compounds of thallium with chlorine have also 
been described, but they have not yet been completely investi- 
gated. 

SILVER, Agj. 

Atomic weight =108. JProhcMe molecular weight =216. S^, 
gr. 10-4743. JEhises at about 1000°. Atomicity '. Mi- 
dence of atomicity : — 

Argentic chloride AgCl. 

Argentic iodide Agl. 

Argentic oxide O-A-g^. 

Occurrence. — In nature in the free state, and as sulphide 
in silver glance; as sulphantimonite in dark-red silver-ore 
(see p. 141), as chloride in horn-silver, as a compound of bro- 
mide and chloride (2AgBr, 3AgCl) in emholite, and also as 
carbonate. 

JExtraction. — 1. The silver minerals are roasted with sodic 
chloride, by which the metal is converted into chloride ; the 
mass is then mixed with water, scrap iron, and mercury, and 
agitated for some hours. The iron reduces the argentic chlo- 
ride to the metallic state, and the silver is then dissolved by 
the mercury. 

2. By crystallizing argentiferous lead. Nearly pure lead is 
first deposited, and the residue rich in silver is then cupelled. 

Reactions, — 1. Silver is blackened by sulphuretted hydrogen, 
argentic sulphide being formed. 

2. Silver is acted upon by hot concentrated sulphuric acid : — 

Ag2 + 2SO2H0, = SO^go, + 20H, + SO,. 

Sulphuric Argentic Water. Bnlphuroas 

acid. sulphate. anhydride. 

3. Nitric acid readily dissolves silver : — 

2Ag, + 8NO,Ho = 6NO,Ago + 40H, + 'N",0,. 

Nitric Argentic Water. Nitric 

acid. ni&ate. oxide. 

4. At a red heat silver decomposes hydrochloric acid : — 



£ 
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Ag, + 2HC1 = H, + 2AgCl. 

Hydrochloric Angentio 

add. chk>ride. 

There are three compounds of silver with oxygen : — 

ArgentouB oxide OAg^. 

Argentic oxide O-A-gj. 

Argentic peroxide I OaI * 

Argentous oxide is prepared by heating argentic citrate tp 
100° in a stream of hydrogen, dissolving the residue, which 
contains argentous citrate, in cold water, and precipitating the 
argentous oxide by potassic hydrate. 

Argentic oxide is formed by precipitating argentic mtrate 
with a solution of baric hydrate, and drying the precipitate, 
which is probably argentic hydrate, AgHo. This is the salifi- 
able oxide of silver. 

Argentic peroxide is obtained by electrolyzing a solution of 
argentic nitrate, when it is deposited upon the positive pole. 

Argentic chloride, bromide, and iodide are insoluble in water 
and nitric acid. 



CHAPTER XVIII. 

DYAD ELEMENTS. 

Section II. 

BABITJM, £a. 

Atomic weight =137. JProhable molecular weight =137. 8p, 
gr, between 4iO and 50, Fuseshelowaredheat, Atomicity", 
Evidence of atomicity : — 

Baric chloride Ba"Cl,. 

Baric hydrate Ba'^HOj. 

Baric oxide , Ba''0. 
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Occurrence, — ^In nature in the form of sulphate in the 
mineral heav^ sjpar, and as carbonate (COBao") in witherite. 

JBreparation. — 1. By electrolyzing moistened baric I hydrate, 
carbonate, nitrate, or chloride, the negative electrode being 
mercury. An amalgam of barium is thus formed, from which 
the mercury is removed by distillation. 

2. By passing the vapour of potassium or sodium over baric 
oxide strongly heated in an iron tube, and extracting the metal 
by means of mercury. 

3. By acting upon a solution of baric chloride with sodium 
amalgam, barium amalgam is produced. 

Beaction, — ^Barium decomposes water at the common tem- 
perature: — 

Ba + 20a, a Ha + BaHo,. 

Water. Baric 

hydrate. 



COMPOUNDS OF BAETUM WITH OXTGJEK 
Baric oxide BaO. Ba=0 



Baric peroxide BaQ I 



O 

Ba 



u* 



BARYTA, Bark Oxide. 

BaO. 

Breparation, — 1. By converting the native carbonate into 
nitrate by the action of nitric acid, and then heating the nitrate 
to redness in an iron crucible : — 



BAKYTA. 
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COBao" + 2NO,Ho = 



Bario 
carbonate*. 



Nitario add. 



NO, 
Bao" 
NO, 

Baric 
nitrate f. 



+ OH, + CO.; 



'a 
Wttter. 



Carbonic 
anhydride. 




= 2BaO + 2'N",04 + O,. 



Baric 
oxide. 



Nitric 
peroxide. 



2. The nitrate may be obtained from native baric sulpbate 
by mixing the latter with charcoal and heating the mixture to 
a high red heat, by which the sulphate is converted into sul- 
phide : — 



SO,Bao" 


+ 


c. 


=: BaS" 


+ 4C0; 


Baric 
sulphate X. 






Baric 
Bolphide. 


Carbonic 
oxide. 



the residue is then treated with dilute nitric acid, when baric 
nitrate is formed. 

Beaction.—lvL contact with water, baric oxide is converted, 
with great evolution of heat, into baric hydrate : — 



BaO + on, » 



Baric 
oxide. 



a 
Water. 



BaHoj. 

Baric 
hydrate. 



o 
/ \ 

* 0=C Ba 

V 



o o 



t N— O— B»-0— N 

II n 

o o 



o O 

11/ \ 

X S, .Ba 



h 



V 



M 
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BASIC FEBOXIDE. 

B.8}. 

Preparation, — 1. By passing oxygen over baric oxide or baric 
hydrate heated to dull redness : — 

2BaO + O, = 2Ba^}. 

Bario Baric 

oxide. peroxide* 

2BaHo2 + O2 = ^BeqI + 20H,. 

Bario Bario Water, 

hydrate. peroxide. 

2. By heating baric oxide to redness in a crucible and gra- 
dually adding potassic chlorate : — 

3BaO + C10,Ko = KCl + 3Bag}. 

Baric Potassio Fotaono Bario 

oxide. ohlOTate. chloride. peroxide. 

Beactions. — 1. By the action of heat it splits into baric 
oxide and oxygen : — 



2Ba^| =. 2BaO + O,. 



Bario Bario 

peroxide. oxide. 



2. By treatment with steam at the same temperature at 
which the peroxide was previously formed, it produces baric 
hydrate and oxygen : — 



2Ba 



2} H- 20H, = 2BaHo, + 0,. 



Bario Water. Bario 

peroxide. hydrate. 



3. By the action of acids upon baric peroxide, hydroxyl is 
formed (p. 45). 
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COMPOTim) OF BABIUM WITH STDBOXTL. 

BABIC HYDRATE, Caustic Baryta, 

BaHo,. 

Preparation. — 1. By the action of water on baric oxide 
(p. 161). 

2. By boiling in water, with cupric oxide, the mass con- 
taining baric sulphide, prepared by reducing baric sulphate 
with carbon : — 

BaS" + CnO + OH, = BaHo, + CuS". 

Baric Cupric Water. Baric Cuprio 

sulphide. oxide. hydrate. Bolpnide. 

Barium salts are formed by the action of acids upon baric 
hydrate, carbonate, or oxide. 



DIHTDBIC BABIC DISULPHATE. 

O 

fSO,Ho I! jl 

^Bao-' . H— O— S— O— Bar-O— S— 0— H 

i SO,Ho II II 

o o 

This compound is formed by boiling baric sulphate in con- 
centrated sulphuric acid, when the salt crystallizes on cooling. 



STBONTIUH, Sr. 

Atomic weight =87*5. Brohdble molecular weight »87*6. 
8p. gr, 2*5. "Fuses at a higher temperatwre than barium. 
Atomicity", Evidence of atomicity ;— 

Strontic chloride WC[^» 

Strontic hydrate Sr"Hoa* 

Strontic oxide Sr"0. 

h2 
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Occurrence. — In the form of carbonate as the mineral stron- 
tianite, and as sulphate in celestihe. 

Preparation, — 1. By the same methods as those employed 
in the preparation of barium. 

2. By electrolyzing fused strontic chloride. 

Character, — The compounds of strontium resemble those of 
barium in constitution, preparation, and properties. 

The strontic peroxide can only be prepared by adding hy- 
droxyl to a solution of strontic hydrate : — 

SrHo, + Ho, = Srgl + 20H,. 

strontic Hydroxyl. Strontic Water, 

hydrate. peroxide. 

Strontic carbonate is more easily decomposed by heat than 
baric carbonate. 

CALCIUM, Ca. 

Atomic weigJit =40. JProhahle molecular weight =40. Sp, gr. 
1*6. Atomicity*', JEvidence of atomicity : — 

Calcic chloride Ca"Cl,. 

Calcic hydrate Ca"Ho2. 

Calcic oxide Ca"0. 

Occtirrence, — In nature as carbonate in the numerous calc 
spars, chalk, marble, &c. ; as tetrahydric calcic sulphate 
(SHo^Cao") in gypsum, alabaster, selenite, &c. ; as phosphate 
in apatite smd phosphorite (see p. 123) ; as fluoride in the Jluor 
spars (see p. 98), and in combination with silicon, oxygen, and 
other metals in numerous minerals. 

Preparation. — 1. By processes similar to those employed for 
the preparation of barium and strontium. 

2. By fusing together sodium, zinc, and calcic chloride, and 
subsequently heating the alloy of calcium and zinc so obtained, 
to a very high temperature in a crucible of gas-carbon, when 
the zinc volatilizes, leaving the calcium, which contains, how- 
ever, a small quantity of iron. 
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Cliaracter. — Tbe compounds of calcium resemble tlioEe of 
barium and strautium. 

Calcic oxide or quicklime (CaO) is manufactured on a large 
scale by burning coal iotennixed with chnJk or limestone, when 
carbonic anhydride is easily expelled from the chnlk or lime- 
atone, leaving calcic oxide. 

Caleie hydrate or slaked Ume (CaHo,) is formed by the action 
of water upon calcic oxide ; it is much less soluble in water 
than the baric and strontic hydrates. 

By exposing quicklime to tbe action of the air it is converted 
into dicalcic carbonate dihydrate, CO(OCa"Ho)j. 

Calcic peroxide (Oa,^ f ) ^^ prepared like the corresponding 

strontium compound. 

By pasaing chlorine over calcic hydrate, a compound known 
aa chloride of liraeoThleacliing-powder ia formed. This has been 
supposed to consist of calcic chloride mixed with calcic hypo- 
chlorite, but it 13 moro probably calcic chloro -hypochlorite, as 
espressed by the following formulie : — 

Ca(OCl)Cl. CI— Ca— 0— CI. 

Tbe corresponding baric and strontic chloro-hypochloritcs 
Ba^f ^ and Sr^f^^, are known. 

Barium, strontium, juid calcium all form soluble dihydric 
dicarbonatea :— 

O O 

H— U— C— 0— Ca— o— c— 0— n 

They are produced by passing an excess of carbonic anhy- 
dride through BolutiouH of baric, strontic, and calcic hydratea. 
The compounds are decomposed at 100°, carbonic anhydride 
being evolved and carbonates precipitated ; — 

rcoHo 

IJCao" = COCao" + On, + CO^. 
[COHo 
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MAGNESIUM, Mg. 

Atomic weight =24. Probable molecular weight =24. Sp. gr, 
1*75. louses at a red heat. Volatilizes at a bright-red heat. 
Atomicity" , JEvidence of atomicity: — 

Magnesic cUoride Mg"Cl2. 

Magnesic oxide Mg"0. 

Magnesic hydrate Mg"Il0j,. 

Occurrence, — In nature in dolomite^ the calcic magnesic di- 
carbonate^ 

r«o rO — Ca — 0-\ 

2oCao"Mgo" 0=0 C=0 ; 

^^ '^O— Mg— O^* 

in brucite or magnesic hydrate, MgHoj, and in many minerals 
containing silicon. 

JPrepa/ration, — 1. By electrolyzing fused magnesic chloride. 

2. By fusing a mixture of magnesic chloride, potassic chlo- 
ride, and sodium. 

Reactions, — 1. It very slowly decomposes water at the ordi- 
nary temperature, but more rapidly at a boiling heat. 

2. It readily bums when heated to redness in the air. 

Character. — Magnesium only forms one compound with oxy- 
gen, MgO, magnesia. It is obtained by burning magnesium 
in air, or by heating the carbonate to redness. 

Magnesic hydrate (MgHOa) is formed by the action of water 
upon magnesic oxide, or by precipitating magnesic sulphate by 
potassic hydrate : — 

SO,Mgo" + 20KH = SO.Ko^ + MgHo,. 

Magnesic Fotassio Fotassio Maenesio 

sulphate. hydrate. sulphate. hyorate. 

It scarcely dissolves in water. 

Crystallized magnesic sulphate (SOHo^Mgo", GOH^) is pre- 
pared by treating dolomite, the magnesic calcic dicarbonate, with 
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sulphuric acid, filtering from the nearly insoluble calcic sul- 
phate, and crystallizing : — 

Q§Cao"Mgo" + 2SO;a:o, = SOHo.Cao" + SOHo.Mgo" 

Dolomite, calcic Sulphuric Dihydric calcio Dihydrio magnesio 

magnesic dicarbonate. acid. sulphate. sulphate. 

+ 200,. 

Carbonic 
anhydride. 

Magnesic sulphate is very soluble in water, thus differing 
from the baric, strontic, and calcic sulphates. 

Magnesic sulphate, when mixed with potassic or ammonic 
sulphate, forms a disulphate, as, for instance, 

O 

I^^I^Mgo". K— 0-S-O-Mg— 0—S— O— K 



Dipotassic magnesio >-. i^. 

disulphate. (J U 

Many magnesic phosphates are known. 
Diammonic dimagnesic diphosphate, 

TT TT O O TT TT 

POAmcr „ \/ ^ ll/O— Mg— 0^11 \/ 

POAmS*^S°»> N-O-P^ ;P-0-N 

^v ^0-Mg-O/ ^^ 

occurs in the seeds of some of the cereals, and sometimes in 
urine, and in the form of calculi: it is found in nature as 
gua/nite and strumte, 

Magnesic carbonate (COMgo") is found in nature |is mag- 
nesite. 
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MAGNESIA ALBA, Tetrdhydric tetramagnesic tricarhonate, 

rcHo 

Mgo-; 

C3Mgo",Ho„ or< O , 

I Mgo", 
^CHo, 

H\ /H 

O /0-Mg-0\ /0-Mg-O^ /O 

9\0— Mg— O^^^O— Mg— O/^-V, 
". 

This compound is formed by boiling a solution of magnesic 
sulphate with sodic carbonate (Berzelius) : — 

4SO,Mgo" + 4CON'ao, + 2OH3 = C3Mgo",Ho, 

Magnesio sulphate. Sodio carbonate. Water. Magnesia all>a. 



+ 4SO,]Srao, + CO,; 

Carboni< 
anhydride 



Sodic sulphate. Carbonic 



ZINC, Zn. 

Atomic weight =65. Molecular weight =65. Molecular and 
atomic volume I I I . 1 litre of zinc vapour weighs 32*5 
criths. Sp, gr. 6*8 to 7*2. Fuses at 500°. Distils at a 
red heat. Atomicity ". Evidence of atomicity : — 

Zincic chloride ' 7mXl"C\^, 

Zincic oxide Zn"0. 

Zincic hydrate Zn"Ho2. 

Occurrence, — In nature as oxide (ZnO) in red zinc, as 
sulphide (ZnS") in the mineral zinc blende, carbonate (COZno") 
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in calamine, and as silicate in electric calamine, williamite, 
or zinc glass. 

Manufacture. — Zinc blende or calamine id roasted in a 
current of air, whereby it is converted into zincic oxide : — 

COZno" = ZnO + CO,. 

Zindo carbo- Zincic Carbonio 

Date (calamine). oxide. anhydride. 

2ZnS" + 30, = 2ZnO + 2S0,. 

Zincic sulphide Zincic oxide. Solphnroos 

(Zinc blende). anhydride. 

The roasted and powdered mineral is then heated with pow- 
dered coal, when the zinc is reduced and distils over : — 

ZnO + C = Zn + CO. 

Zincic Carbonio 

oxide. oxide. 

Reactions, — 1. It slowly decomposes aqueous vapour at 100°: — 
OH, + Zn = ZnO + H,. 

Water. Zindo oxide. 

2. Zinc is attacked by almost every acid at the common 
temperature. 

3. When boiled in potassic, sodic, or even ammonic hydrate, 
hydrogen is evolved, and a mixed oxide formed : — 

20KH + Zn = ZnKo, + H,. 

Potassic Dipotasflic 

hydrate. zincic oxide. 



COMPOUND OF ZINO WITR OXYGEN, 

znrac OXIDE. 

ZnO. 

Preparation, — 1. Zincicoxideisobtainedby bumingzinc in air. 

2. By passing steam over heated zinc. 

3. By heating the precipitate formed by ammonic carbonate 
in solutions of zinc salts. 
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OTHEE COMPOUNDS OF ZINC. 

Zincic hydrate (ZnHOa) is obtained as a white precipitate 
by the action of potassic hydrate on solutions of zinc salts : — 
SO^Zno" + 20KH = ZhHo^ + SO^Ko,. 

Zindc sulphate. Fotassio Zincio Fotassio 

hydrate. hydrate. sulphate. 

The precipitate is dissolved by excess of potassic hydrate. 

Crystallized zincic sulphite is isomorphous with crystallized 

magnesic sulphate, and contains seven molecules of water, six of 

which are easily expelled at a moderate heat, the last only being 

driven off at a somewhat high temperature. It also resembles 

magnesic sulphate in forming double salts with potassic and 

ammonic sulphates : — 

Zincic sulphate (crystallized) SOHojZno", eOHg. 

r SO,Ko 
Dipotassic zincic disulphate (crystallized) \ Zno" , 60H,, 

[ SO,Ko 

Zincic carbonate (COZno") occurs in nature as calamine. 

The precipitate obtained by adding a solution of sodic car- 
bonate to a solution of a salt of zinc has a variable constitution. 
The reaction usually takes place thus : — 

rCHo(OZn"Ho), 
5SO,Zno" + SOONao, + 30H, = \ Zno" 

[CHo(OZn"Ho), 

Zincic sulphate. Sodic carhonate. Water. Dihydrio pentazinoio 

dicarbouate tetrahydrate *. 

+ SSO^lSTao, + 300^. 

Sodic sulphate. Carbonic anhydride. 

H H 

i i 

* H— O— Zn— O— C— O— Zn— O— C— O— Zn— O— H 

i . h 

Z?n Zn 

H H 
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in 



CHAPTER XIX. 

DTAD ELEMENTS. 

Section IT. 
CADBHUM, Cd, 

\ atomic weight ^112. Molecular weight =112. Molecular 
and atomic volume \ \ \ . 1 litre of cadmium vapour weighs 
5Geritht, Sp.gr, S'7. Fuset beloio 260°. Easily volatile. 
Atomicity ". Evidence ofatotaiciig : — 

Cadmic eUoride Cd"Clj. 

Cadmic oside Cd"0. 

Occurrence. — In nature in small quantitiea, associated with 
[ tine ; and in the form of aulphido aa greenocMte. 

Preparation. — By distilling fractionally the more volatile part 
P of the metal ohtained in the manufacture of zine, and then 
K dissolving this more volatile product (which consiatB of 
I zinc, cadmium, and a little copper) in hydrochloric or dilute 
\ Bulphuric acid, precipitating the cadmium and copper with 
I Bulphurett^d hydrogen, disBolving the mi^ed sulphides in 
t dilute anlphuric acid, and adding an excess of solution of 
[ amnionic carbonate, which precipitates both cadminm and 
I copper, but rediasolves the latter. The cadmie carbonate is 
, then ignited, and the resulting oside reduced by charcoal. 

Cadmic oxide (CdO) is prepared by heating the hydrate, 
I carbonate, or nitrate. 

Cadmic hydrate (CdHo,) is obtained by precipitating a solu- 
rtion of a cadmic salt by aodic or potasaie hydrate. 

Cadmic sulp/uite (S03Cdo",40Hj is obtained bv diaaolving 
■ cadmic oxido or carbonate in anlphuric acid. By heating 
I this compound, or by partially decomposing it with alkaline 
I bydrates, it is transformed into 

Dicadmic sulphate dihydrato S03(OCd"Ho), 



II 

H—O—Cd— 0-^—0— Cd— 0— II 
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MERCURY, Hg. 

Atomic weight =200. Molecular weiglit =200. Molecular 
and atomic volume I I I . 1 litre of mercury vapour weighs 
100 critls. 8p. gr, 13*59. Fuses at —40°. Boils at 360°. 
Atomicity '\ also a pseudo-monad. 

The following list contains the principal compounds of this 
metal : — 

Mercurous chloride \ .„ , ^, f HcCl ^, 

(lorn-uercu^) 1 «e'.Cl„ or { gS^J • Cl-Hg-Hg-Cl 

Mercuric chloride... HgCla. 

Mercurous oxide . . . 'Hg'gO, or \ jJtO, \ O 

I "S Hg/ 

Mercuric oxide ... HgO. Hg=0 

Mercuroussulphide. 'Hg',S",or { j[J|S". 

Mercuric sulphide " 

(vermilion, cinna- > HgS". 
bar) 



Hg~0\|| 
Mercuroussulphate. SO^B.g^o". \ S 

Hg-0/|| 


o 

/Oxli 

o 

6 

/Hg 



Mercuric sulphate... SO,Hgo". Hg(^S 



O 



Trimercuric sulphate "i „ „ /^\i/ ^ 



(Turpeth mineral) 



jSHgo, Hg^/Sxo 



6. I 
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Tetrahydric mercurous dinitrate... Vtfi^oflgfi". 






H 

A 



= N~0— Hg— Hg— O—N =0 
O O 



H 



Dimercurous dinitrate . . . 



Hexahydric trimercu- 
rous tetranitrate ... 

Mercurous dimercuric 
dinitrate 

Tetrahydric mercuric 
dinitrate 

Tetrahydric dimercuric 
dinitrate 

Dihydric trimercuric 
dinitrate 



Trimercuri c carbonate . . , 



Tetramercuric carbonate. 



H 



fNOHg,o'' 

NOHff.o" 



■o^^ 



NAHo.Hg,o",. 



N,0^g,o"Hgo'V 
N,0,Ho,Hgo". 



N,OHo,Hgo",. 

N,OHo,Hgo",. 

O 0— Hg 

cHgo"(Hg",o,)". rigV y 

0-% 
CHgo"(Hg",0/. 

0— Hg— 



Hr<< ^ 

V "O-Hg-O^ 



g 



Mercurosod iammonic 
dicliloride 



1) 



NH,ClHg 1 
NH,ClHg J • 
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Mercurosomercurodi- 
ammomc dicliloride 






Mercnrammonic chlo-t 
ride. ( White preci- 
pitate.) 



NII,Hg"Cl. 



Trimercuric diamide ... N,Hg",. 



01 



H— N— H 



Hg 

N— Hg— N 
^Hg-J 



COPPEE, Cu. 

Atomic weight =6B'S. JPrdbable molecular weight '=^'^. Sp.gr. 
8'8. Fuses at about 7&y. Atomicity"; also a pseudo-monad. 

The following are the principal compounds of this metal: — 



Cuprous hydride -J q_tt. 



H— Cu— Oil— H 



Cuprous chloride '^'^'.Cl, orj^^J. 01— Cu— Cu— 01 



Cupric chloride CuCl,, 20H:,. 



CI— Ou— 01 



Cuprous hydrate, 4'Cu'jO, 0H„ or 



GqHo 
Cu. 



Cu 
Cu 



O 
0. 



Cu' 
. Ou^ 

rcu^ 

CuHo 



O— Cu— Ou— 0— Cu— Cu— O— Ou— Cu— 0— Cu— Cu— O 



H 



H 
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Cupric hydrate CuHo,. 

fCun 

Cu"Y' 



H— O— Cu— 0— BE 



Cuprous quadrantoxide. 



Cu— Cu 
Cu— Cu 



Cu 



Cu=0 



/ 



Cuprous oxide. (Bed \ - ^^^ Cu 

copper orcy or ruby V 'On'fi or •! q-0. I .0 

ore.) J 

Cupric oxide OnO. 

Cuprous sulphide, l ,^^, ^„ ^^ f Ctig,, 
(Copper glance.) ... J " I On 



Cupric sulphide. (Jw-" 
digo copper or Hue 
copper.) 



CuS". 



Cupric sulpho-hydrate . SCnS", OuHoj, op-< 



0— Cu— S— Cu- 

A 



Cupric nitrate. 



^CnHo 

S" 

Cu" 

8" 

Cu" 

S" 

Cu" 

S" 

Cu" 

8" 
^CuHo 



•S— Cu— S— Cu— 8— Cu— 8— Cu— 

I 
H 



gg»Cuo", 40H^ or ^^^Cv^"- 



Dihydric cupric sulphate SOHojCuo", 40'K^. 

Hydric tricupric Bul- 1 sOHo(OCu"Ho).. 
pnate trihydrate... J 
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Dihydric tetracupricj 

sulphate tetrahy- I SHo3(OCu"H:o),. 
dTa,tG.(BrocJumtite,) J 

H H 

\ / 

H— 0— Cu— 0— S— O^Cu~0-H 

Cu Cu 

/ \ 

o o 

/ \ 

H H 



Hydric pentacupric ' 
sulphate pentahy- 
drate 

Ammonioeupric sul- " 
phate. (JDihydric 
diammonic cuprodi- 
ammonic sulphate?) 



SHo(OCu"Ho)„ 20H,. 



SHo,Amo,[]J;g3Cu"oJ' 



Dipotaasic eupric disul- J ®^2-^^ 
P^*'® tsO°Ko' 

o 

II II 

K— 0— S— 0— Cu— 0— 8— 0— K 

II II 

o o 

Dicupric carbonate, "j —^ „ 

r-nr • \ f CCuo ,. 

{Mysorin.) J " 

Dicupric carbonate di- 1 ^^,^„ .,„ , 
hydrate. {MulacUte.) } CO(OCu"IIo), 



II 
H— 0- Cu-0— C— 0— Cu— 0— H 
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Dihydric tricupric dicar- 1 .<,tt r, i, 
honsite,(BluemalacMte, I J ™^^^ 
aztirite, mountain-bl'ue \ 1 i^?? p, ,; 
ov copper-azwe.) J l^-^-o^^o 



H 

O I 
Cu/ )(j_o 

o 



H 

I 
O 

i| 

_Cu— O— C^ )Ca 





Cuprodiammomc carbo-] ria-Trr ~\„ 

nate. (Ammoniocuprie !■ CO I £r,5'Cu"0, "• 
carbonate.) I LJ^ -^-s -I 



H H 

V 

H| o^ 

H H 



=0 



^'^Li^'%i^t^} SiO;Ho(OCu"Ho). 
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H— 0— Cu— 0— Si— 0— H 



3f 
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CHAPTER XX. 

triad elements. 
Section II. 

GOLD, Auj. 

Atomic weight = 19G'7. JProbcMe molecuhr weight = 393*4. S^, 
gr, 19-3 to 19*5. Fuses at about 1100°-1200^. Momi- 

city' and '". 

The foUowing are the names and probable constitutional for- 
mulsB of the chief compounds of gold : — 

Aureus chloride AuGl. Au — CI. 

CI 

Auric chloride AuClg. Au 

/ \ 
CI CI 

Aureus iodide Aul. 

Auric iodide Aulg. 

Aureus oxide Axifi. Au — — ^Au 

Auric oxide. {Amic mly^ \ ^^^ 0=Au-0-Au=0 
^^•) JAuO 

Potassic aurate AuOKo, SOHj. 0=Au— O — K 

Aureus sulphide Au^S". 



Auric sulphide 



fAnS" 
S" . 
AnS" 
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CHAPTER XXI. 

TBTBAD ELEMENTS. 

Section n. 

ALTJimmJM, Al. 

Atomic weight =s27'5. Molecular weight tmhnown. Specific 
gravity 2*6. JESuea at about 450°. Atomicity *% hut is 
always a pseudo-triad. Evidence of Atomicity: — Analogy 
with iron and chromium. 

Annexed are the names and probable constitutional formnlsa 
of the most important compounds of this metal : — 

CI CI 
Aluminic chloride . . . 'A1'",C1« or j ^^J^. CI— Al— Al-Cl 

CI CI 

Aluminic oxide Alj^O, or | ^qO. o=Af— A1=0 

^^".'^y^*^-! Al,Ho.orj^^ 
(Oihhsite.) J ^ ' IAIH03 



H H 

I I 
O O 

H— O— Al— Al— O— H 






n2 
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Aluminic oxydi-l c Aimr 

hydrate. (Bi^l Al,0,Ho, or { Jjgg" 



0=AI— A1=0 



O O 



H 



Aluminic sulphide ... A1^B'\ or j Aia"S". 
KpoteBio dummate A1.0^o, or | ^g|» 

'^"'(*^';} ".0.Mg."0,{5l0.M,.". 

Aluminic sulphate . , . S,0e('Al"',0e)^ ISOrf, or 

SO,-, 

S0,-('A1"',0,)^ 180H,. 
SO,-J 

Aluminic sulphate "j 
tetrahydrate. I SO,('Al"'AHo,)", 70H,. 
(^Muminife.) ...J 

AUophane SiHo,('Al"',Ho,0 J", (2 or 4)011,. 

Prehnite Si,Ho,Cao,"('Al"' A)^. 

Topaz Si,('Al"',0,F)'('Al"',0,I',K'Al"',0«F)"', 



/('A1"',0.\* 
Zoisite Si^Cao",/ j ^ j. 

Spodumene Sli50„Lioe('Al'",06)^,. 

PetaUte Si3oO,5Nao,Lio,CAr'',Oe)^,. 
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SOHoKo ,,*,,„ Tj^ ri \'i' 
Alunite. alum-) SOHo, flJ-.^g^g;,,. 



stone 



CoUyrite SiHo,CAl'",Ho,0)„40H,. 

Dipotassic alumi- > qq -g- 
nic tetrasul- 
phate. (Common 
alum,) 



'"-n. 



18' (;A1"'A)",240H,. 

so!ko_J 



Mfloschine SiHo,(' Al"',Ho,0,)". 

Porcelain clay of\ SiHo^,.,,,, ^j^ ^ .i_ 

SiHOa— . 

Cimolite, kaolin of \ SiO — /'AVf n i^i 
EUenbogen I SiO— ^, "^ »"«^ ' 

SiOHo— I 

AgalmatoUte |{g {'M"'S>,)'^. 

SiOHo— J 

Buchholzite, xeno- 1 iJ('AI"' O,)" 
Ute 1 i}('Al"',0.r 

SiHo— 1 

O ('Al"',Ho,0,)". 

SiHo—" 

Andalosite, chias- 

tolite, cyimite, gjo,- a,", o V' 
fibrolite, siffima- f »»0CA1 ,OJ . 

nite J 

Wemerite Si,Cao"('Al"'A)''. 



Porcelain clay. 
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TLATIKVIS. 



Saponite Si,Mgo".Ho,„('Al"',0,)''. 

LepidoUte Si,0,Ko,Lio/Al"',0.)'',('Al"',P,0,)". 



Analcime, 



SiHo^ao 
O 



Jo 

[ SiHo^i^ao 



SiHo,— 1 

Eazoumoflfskin SiHo,— ('Al-'-.O,)". 

SiHo,— ' 

Malthadte SieO„Ho,('Al"',0.)''. 



Albite 



SiONao— , 
SiO- 


SiO- 
(SiO- 
O 
SiO- 



■( 



'Al'-'O.)". 



I 



SiONao-J 



CHAPTER XXII. 

TETBAD BLBMENTS. 

Section III. 

PLATINUM, Pt. 

Atomic weight =197'4. Molecular weight tmknoum, Sp, gr. 
21'5. Atomicity " and *^. 
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The following compounds will serve to illustrate the ato- 
micity and general character of this metal : — 



Platinous chloride ... PtClj. 



CI— Pt— CI 



Platinic chloride ... PtCl^. 



Platinous oxide PtO. 



CI 
CI— Pt— CI 

I 

CI 



Platinic oxide PtO^. 



0=Pt-=0 



Platinous hydrate . . . PtHOj^. 

H 

A 

Platinic hydrate PtHo,. H— O— Pt— 0— H 

A 
i 



FlatinoBodiammo- ' 
nic dichloride. 
(Green salt of 
Magnia.) 



fNH,Cl 
Pt" 
NH3CI 



CI 



CI 



H.I 



H 



')N_Pt_N/ 



White compound of J p*"* 
Eeiaet | IfH,(N'HJCl ' 



H 



H CI 



CI H „ 



^- — li"— Pt— N. _ 

H H H H H H 
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LEAS. 



Flatoso-diammon di- 
ammouic dihydrate 



fNIL(N'H,)Ho 

Pt" 



H. 



H 
I 
H O 



\,/ 



H 



/ 



N- 



.]jf_Pt_i!r. 



\ /\ / \ 

HH H H H H 



H 



Diplatosammonic ox- 
ide 



fNHan 
Pt" O. 



H 
\ 




O— >| H 

/ \ / \ 

H H H H 



Platinous sulphide... PtS". 
Platinic sulpbide ... PtS"2. 



CHAPTER XXIII. 

T£TBAD ELEliIENTS. 

Section IV. 
LEAD, Pb. 

Atomic weight =207. Molecular weigTit unJcnovm. 8p. gr. 
11*445. Fuses at 335°. BoiU at a white heat. Ato^ 
micity " and *^ Also sometimes a pseudo-triad. 

The following list contains the names and probable consti- 
tutional formulae of the most interesting compounds of this 
metal : — 



Plumbic chloride 



PbCl,. 



Cl~Pb— CI 
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fPb ^^\ 

Plumbous oxide 1 Pb^' ' P 

Plumbic oxide. 1 pjjQ^ Pb=0 

{LitTiarge.) J 

Plumbic peroxide. 1 pj^Q q_p|j_q 
(Flattnerite,) ... J 

Diplumbic tri- f pbQPbo". O^Pb Pb 

oxide I I I 



-3 r^pb 

J I Triplumbic 1 pbPbo",. Pb^ 
:^^ tetroxide... / ' I ^0\ 



■0— PK 



L 



pentoxide J %-«-'. NKp^^ 



Tetraplumbic 1 PbPbo"(Pb",03)". I'b^X 
:ide J I XK 



Plumbic chloroliy- 1 pbHoCl. CI— Pb— 0— H 

drate J 

Plumbic hydrate ... PbHo^. H— 0— Pb— 0— H 

Diplumbic oxydihy- I q ^ II— 0— Pb—O— Pb— 0— -H 
drate [PbHo 

Diplumbic oxydicblo- I q ^ ci— Pb— 0— Pb— CI 
ride. (MatlocMe.) [-pi^ci 
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Triplumbic oxydi- f^^^ 
chloride. {MendU \ ^y, . Cl~Pb— Pb— 0— Pb— CI 
pite:) [pbCl 

Diplumbic oxycblo-lQ ^ Cl~Pb— 0— Pb— 0— H 



i 



rohydrate | PbCl 

Octopliimbic hept- 1 pj^ q q| 
oxydichloride... J 

0— Pb— 0— Pb— 0— Pb— 0— Pb— 0— Pb— 0— Pb— O 



Pb 

k 

Plumbic sulphide. 1 p^g", 
{Galena.) J 

f PbCl 
Diplumbic sulphodi- I g» CI— Pb~S— Pb— CI 

chloride [PbCl 

Plumbic sulphate. 1 gQ -^y^Q"^ 
{Lead vitriol?) J 

[NO 

Plumbic dinitrite ... i Pbo". 

[NO 

Plumbic nitrite 1 igo(Pb"HoO). 
hydrate J 

Diplumbic nitrite- 1 NPbo"(Pb"HoO). 
hydrate J 

H— 0— Pb— 0— N Pb 



Pb 
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Plumbic diuitrate ... 



NO, 
Pbo". 
N0„ 



O 

II II 

N— O— Pb— 0-N 



O 











Hydric plumbic ni- 
trate 



} 



NOHoPbo". H— 0— N(Q)Pb 



Dibydric diplum- 1 

bic nitrate by- !• NHo,Pbo"(PbHoO). 

drate J 

H 



O 
H— 0— Pb— 0— N/^>b 

r 

I 

H 

Dibydric diplumbic „ 

nitrate nitrite. I JJj'J?' 
{Sasic Ttyponitrate | j^ q 

oflead.) 

H 



A 



0=N— 0— Pb— 0— N/^\pb 



i 



Plumbic carbonate. 
(Lead spoTy white 
lead ore,) 

Torke's diplumbic 
dihydrate car- 
bonate 



COPbo". 



0=C Pb 



^0/ 



CO(OPb"HoI. 
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^f ^1"^^'° ^ ^r \ CO(OPbHo)p, „ 
drate oicarDonate. y CO(OPbHo) ' 

(White lead.) ... J 



O 



O 



H— 0— Pb— 0— C— 0— Pb— 0~C— 0— Pb— 0— H 



or 
Dihydric triplum- 



ihydric triplum- | CHoPbo' p^^„ 
bic dicarbonate J CHoPbo" 

H 



H 

i 



,0- I/O 

-£})( )c— 0— Pb— o-o; ) 



'^0/ 



Pb 



Diplumbic sul- 
pbate carbonate. 
(Zcmarkite.) ... 

Tetraplumbic tri- 
carbonate sul- 
phate. {Lead- 
Mllite.) 

O 



,0— Pb— 0\ 



O 



2^ Pbo'' . 0==C S 

SO, " \0— Pb— 0/ 



o 



CO ^"^ ■ 
CO Pbo" Pbo". 

SO.I'bo" 



O 

II 



o 



o 



C_0_Pb— 0— C— O— Pb— O— C— 0— Pb— O— S 



0- 



-Pb 




O 

Diplumbic chromate. CrOPbo",. pb/^^c/^Pb 

Pb— O ^ 0,^^^ O— Pb 

Triplumbic di- fCrOPbo"^ iJ^_^S^i^ 

chromate CrOPbo"-J II II 

O 

Dipotassic 1 pbOKo,. II 

plumbate ...J K_0— Pb— O— K 
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CHAPTER XXIV. 

HEXAD ELEMENTS. 

Section IV. 
CHBOMinM, Cr. 

Atomic tDeiffht=s52'5. Molecular weight unknown, /^.^r. 70146. 
Atomicity ", *% and ^*; also a pseudo-triad (and a pseud' 
octal) . Evidence of atomicity : — See the annexed compotmds. 

The following are the most important compounds of this 
metal : — 

Chromous chloride CrCL. CI— Cr— CI 



CI CI 
Chromic chloride ... I S!^}' . CI— Cr— Cr— CI 



\CrCl3 



CI CI 



P 

Chromic perfluorido CrF.. ,Cr. _ 

Chromous oxide CrO. 

Chromous hydrate ... CrHoj. 



Chromic oxide 



fCrO 







\Cr00- o=(^-Cr=0 
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Chromous dichromic f CrO^ t, /^ — ^^ — ^\ 
tetroxide jCrO^^^ ' 0=(5r Cr=0 



Dichromic ferrous 
tetroxide. 
{Chrome iron 
ore,) 



r &''■■■ 



Chromic dioxide CrOj. 



Chromic anhydride. . CrOg. 



Dipotassic chro- 
mate. (^Normal 
jpotassio chro- 
mate.) 



CrO^Ko^. 



/O— Fe— 0\ 
0= Cr Cr=0 





II ^ 







K 



_0— Cr— 0— 



K 









Dipotassic dichro- rCrO^Ko || || 

mate. {Pota88ic\o ' . K— 0— Cr— 0— Civ-0— K 
Uclromate.) ICrO.Ko jj II 



rCrO,Ko 



Dipotassic trichromate. 
{Potassic terchromate. 



">s 







CrO, . 

^CrO,Ko 











K— 0— Cr— 0— Cr— 0— Cr— 0— K 

II II II 
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Dipotassic chromous 1 SO,Ko^ „ ^-^tt 

dtauipii*, ; so:ko<="' ■ «"=.■ 

"^Xr.. *^"':} |gc.".0.)V50H.. 

Dipotassic dichromic 'v gQ Ko-i 

tetraflulphate. | SO^-(''cr- o )^ 240K. 

(Potassitim chrome f SO — ^i a e/ > ^^ 

J so,kJ 



alum,) 

Dichromic hexani- 
trate 



} N.O„('Cr";0.)^. 



Octochromic carbo. 1 r^/tn^n' r% xr^ mt 
nate dihydrate ...1 ^^' ^^'^^^ ' 

Plumbic chromate. 

(Sed lead ore,\ CrO,Pbo". 
crocomte.) 



Sulphochromic acid. 
{Dihydrio mlphate 
chromate.) 



fSO,Ho 
O 
CrOjHo 



Tetrapotassic dichro- f o'^"^^^^§liKo 
mosulphate [OrOKo— 0,-J ^'' 



/ CrHo, 



Chromic hydrate ... j Cyno*' ^®^* 



Perchromic acid {gjgf(8l3. 





-o-o-w 




0= 


=Cr— Cr= 

& 6 


=0 



192 COMPOUNDS OF MANGANESE. 

O 

Pota88ic cHoroctro-J OrO.ClKo. Cl-Cr-0-K 
mate J .• 

O 

Chromic dichlorodi- "j y 

oxide. (Ohloro-l CrO^Cl,. CI— Cr— CI 

chromic acid. ) J II 

O 

Chromous sulphide . . . CrS". 
Dichromic trisul- f CrS"g„ 



phide ICrS' 

Sulphochromic anhy- 1 QrS" 
dride J 



MANGANESE, Mn. 

Atomic weight =55. Molecular weight tmknown, 8p. gr, 7 
to 8. Atomicity ", *^, and ^ ; also a pseudo-triad cmd a 
j^seud'Octad, Evidence of atomicity, — 

Manganic perfluoride Mn^Tg. 

Analogy with chromium. 

The following are some of the more important compounds 
of this element : — 

Manganous chloride . MnCl,. CI — Mn — CI 

CI 



[— Mn— ( 



Manganic chloride . . . MnCl^. CI — Mn — CI 

I 

Cl 
CI Cl 

''Sf....."!":{K:- «-^| 

Cl Cl 
Manganous hydrate.. MnKo,. H — — ^Mn — — H 



Cl 
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Manganous oxide ... MnO. Mii=0 

Trimanganic tetr- TmiiO^ O 

oxide. {HausmO' < Mn J; ; / \ / \ 

nite,) I MnO'^ 0=Mii-Mn-Mn=0 

or 

Manganous diman- f MnO,-- n 0— Mn — O 

game tetroxide ... t*""*^ 0=Mn ^Mn=0 

Dimanganic trioxide. f MnO^. ^ 

(Braunite.) iMnO * 0=Mn-^=0 

. . H H 

Dimanganic dioxydi- i i 

hydrate. (Man^a- {^OKo ^ 6 

nite.) ^ J J 

^ 0=Mn— Mn=0 

fMnO-O-i 

Varvicite \ Mno" (Mu^'^Ho^)". 

[ MnO-O-" 

0=Mn— O— Mn— 0— Mnr=rO 
^0 Mn d" 

/ \^ 
H H 

Manganic oxide. 1 jlj-q 

(JPyrolusite.) J ^' 

Manganous diman- -x 

ganic tetroxide di- I MnHo^. ^ f, 
hydrate. (Psilome. f MnHo'^^^^^ * 
Jane,SaHmangan,) J 

/O— Mn— 0\ 
n— 0— Mn O— — Mn— 0— H 

o 

Dipotassic manganate MnO-Ko^ K — — ^Mn — — K 

II 
O 

o 



194 



COMPOUNDS Olf MANOANESB. 



Dipotassio per-j fMnOa^OKo^ 
manganate J t MnOjCOKo/ 



K K 

A A 
I A 



o 



o=Mii— : " 



II 
o 






=0 



ManganouB sul- 
phide. (Man- 
ganese hlende.),.» 

Diaulpliopatassic 
trimanganous 
disulphide 

Manganous carbo-' 
nate. (Mm^a- 
nesespar,) 

Dihydric manga^ 1 
nous sulpliate ... J 



MnS. 



MnKsg,/ 
Mn f^it * 
MnKs° 



COMno". 



SOHo^Mno", (3, 4 or 60H,). 



Dipota^sic manga- 1 gO^Ko^^^. ^^^ 
nous disulphate. J »UaJi.o 



Aluminic manga-^ 
nous tetrasul- 



SO, , 

phate. {Manga. V J Mno" CM'\0,y\ 240H,. 
nese alummium l^Oj, 
alwm,) J 



Dimanganio trisul- 



imangamo tnsul- 1 ftn""7M„"' O vi 



SO, 
SO. 

so; 

SO. 



Dipotassio diman- "^ 
ganic tetrasul- l SOaKo-i 
phate. {Potas- \ ^^ 



9vum manganese 
ahm,) 



SO. 

so; 



KoJ 



('Mn"',0er, 240H,. 
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PAHo^tfno'V 



Dihydric dimanga- 1 
nous diphospliate J 

Manganous sili-^ 
cate. (Silicife- 
rom manffcmese, 
red manganese^ ^ SiOMno". 
rotlier Mangan- 
kiesel, Moth' 
hraunsteinerz.) .„j 

Dimanganous sili- 
cate. {TephrO' ^ — -«***w 2- 
ite,) 

Dihydric dimanga-^ 
nic silicate dihy- 

drate. (Schwar- > SiHo2(OMnHoX. 
zer MangcmJcie- I 
8el.) J 

Hexmanganic mo- 
nosilicate. {Se 
terocli/ne,) .. 



■I 



SiMno", 



\ 



('Mn"'.0.,)'v. 



■Si 



•^ 



0= 



r /x 



Mn— Mn Mn— Mn Mn — ^Mn=0 

\ / \^/ \ / \ / \ / 




Triglucinic tetraman- f®*^^," 



ganous trisilicate 
sulphide. {Heir- 
vine.) 



Mno" / TMn"])^ 



^ SIG 
Mno 



S" ) 
Mn"0/ 



It 



Aluminic manganous f ,, „ ., . ,,., ^ , . ^^^ 
diBiHcateT: |^_2:;^'Al"'An 20H, 



o2 
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lEON, Pe. 

Atomic weight =56. Molecular weight unknown. Sp. gr, 7*8. 
Atomicity ", *% o>nd '*. Evidence of atomicity : — Analogy 
with chromium. 

The following is a list of the chief compounds of iron : — 

Terrous chloride ... PeCL. CI— re— CI 



CI CI 



Ferric chloride 



?eCi; Cl~Me-Cl 

CI CI 

Ferrous oxide PeO. Fe= 

Ferrous hydrate PeHo^. H— 0— Fe— 0— H 

Ferric oxide. {Bed 
hcematite, micace- 
ous iron, oligist, i Ji^qO. 

specular iron, or 0=Fe — ^Fe=^0 
iron glance.) .... 



JPeOp, 



H H 

A A 



hexahydrate. | pgg"'. H— 0— Fe— Fe— O— H 



O O 

i i 

H H H H 



Teiraferric trioxy- | | | J 

hexahydrate. (C<»w- fPeOHo O 

pact hrown iron J ^^^^ /^ J J r^ J -rl 

^^^ 4ij. -L ^ . =Fe— Fe— 0— Fe— IN 

ore, jibrous brown ] pg;g[Q i i 

iron ore or hrown 1 PeOHo O 

hcematite.') ,. | 



H H 
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Diferric dioxy-dihy- H H 

drate. (Medle (TeOHo ^ ^ 

iron ore, hrovm \ PeOHo* . . 

iron ore.) Q =Pe— Ee= 

H H 

t I 

Diferric oxy-tetra- • ^ ^ 

hydrate. (Another f PeHo^Q J, / \ Ji 

variety of Irown \ PeHOj, ' . . 

iron ore.) o 

I I 

H H 

fPeOQ 

Triferric tetroxide ... -{Pe ^; / \/ \ 

[PeO^ 0=:re— Fe— Fe=0 

or 

Perrous diferric te- 
troxide. {Magnetic \ peO-^^"' 
iron ore.) 

O—Ee— 

. o=re re=o 



II 
Potassic ferrate PeO^Ko,. K— 0— Pe— 0— K 




Octoferrous sulphide ^\Tey^". 

Pe— Pe— Pe— Pe— Pe— Pe— Fe— Pe 

s J 



L 



Pe„., ^X. 



Diferrous sulphide... \ pl^". | ^S 



Pe' 



Perrous sulphide ... PeS". 
Perric disulphide. ' 

{Iron pyrites, - 

martial pyrites.) . 



PeS'V S=Pe=S 
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S 



Diferric trisolphide |peS"S"- ^/ ^ 



Cu— Ou 

I I 



Diferric dicupric te- „ 
trasulpWde. (%- { gs^Cu^S" J'. S S 

per pi/rite».) S=Fe— Fe=S 

Diferric hexani-l N,0„(Te"',Oe)". 

•frrate J 



ferric diphos- [ P.Hoe(Te"'^o,0,)^ 
phate dihydrate. J 

Ferrous sulphate. . SOHo.Eeo", 60H,. 



Dipotassie ferrous di- ^ 
sulphate 



SO,Ko 

Feo^' ,60H,. 

SO,Ko 



Diferric trisul-^ SO^— i 
lite,) 1 SO,-^ 



Dipotassic diferric^ 
tetrasulphate. 
(Fotassium iron 
aliim,) 



SO,Ko-, 
SO - J- 



ioC ('Fe"',Oe)-, 240H,. 

so!ko-1 



Tetraferric sul- 1 SOjC^e'"fi^) ", 60H,. 
phate J 

Tetrahydric tetra--\ 

ferric sulphate I BHo/Fe"',OHo30,)". 
octohydrate. I 
(Vitriol ochre.) J 
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Heptaferrio octo- 
sulphide. (Ma^- 
netic pyrites.) ... . 



► Pe^S'^ 



S 



s s s s s 



s 



==TV- Pe— Fe— Fe— Fe— Pe— re=S 



Ferrous carbonate. ^ 

{Spathic iron I COFeo". 
ore,) J 

Ferrous nitrate ... A Feo '. 

[no 



COBALT, Co. 

Atomic weight =358*8. Molecular weight unknown, Sp,gr» 8*5. 
Atomicity ", *^, and ^ ? also a pseudo-triad. 

For evidence of the atomicity of cobalt see the following list 
of the chief compounds of this metal : — 



Cobaltous chloride . . . CoOl,. 



Cobaltic chloride ...IS?^}3 



•\CoCV 



Cobaltous oxide CoO. 

Cobaltic oxide | OqO^' 



Cobaltous dicobaltic f CoO 
tetroxide \OoO 



Coo". 



Hexacobaltic hept- \ 
oxide J 



Co,0,. 



CI— Co— CI 
CI CI 

CI— Co— Co-Cl 

<!, A 

Co=0 

O 

/ \ 
0=Co— Co=0 

0— Co— 
0=Co ^Co=0 







/ \ / \ / \/ \ / \ 
0=Oo— Co— Co— Co— Co— Co=0 



0=Co— Co=0 
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Cobaltous hydrate CqHo,. H— 0— Co— 0— H 

H H 

Cobaltic oxy.dihydrate \ CoOHo' 

Cobaltous sulphide CoS". 

Cobaltic sulphide. (CbJaZ^ f CoS"g„ 
pyrites.) \CoS" 

Dipotassic cobaltous disul- \ SO^Kop „ eOK 
phate J SOgKo ^^ ' «• 

Dihydric pentacobaltous 1 CHo(OCo"Ho)2p n Q-q- 
dicarbonatetetrahydrate J CHo(OCo"Ho)3^°^ ' ^-^a' 

Dicobaltous carbonate di- 1 rT\fc\n^"TT \ 
hydrate I ^^(^^Co Ho), 

Dipotassic cobaltous dicar- 1 COKoq ,, y^^ 
bonate J COKo ' *• 

fNH, 

Cobaltoso-(^aminon-diammo- J p „^ 
nic dichloride ] j^ cf 

r-NH,(N^HJCl 

Dicobaltichexammon-hexam- j i^SS7S!S*^S 

monic hexachloride. (Zt^-'j NHrN'H*^Cl* 

teO'Cdbalt chloride.) [ Co-NH^(N''II*) CI 

L-^NH',(N'HJC1 

Dicobaltic tetrammon-hex- f Co-NH fN^H )C1 
amnionic hexachloride. J ' — ^NHgCl 
(^jRoseO'CohaltoTpv/rpureo" 1 i — NH3CI 
cohalt Monde,) I Co-]XrH,(]Sr'H,)Cl 

Cobaltous dinitrate NO ^^^' ' ^^^2- 
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Cobaltic disulphido CoSj,. 

Co , /^\ 

Dicobaltous oxysulphide Co^^"* ^^ ^^ 

Dihydric cobaltous sulphate. SOHOj,Coo", 60Ha. 



NICKEL, m. 

Atomic toei^7it= 5S'S. Molecular weiglit unknovon* Sp,ffr,S'7, 
Atomicity ", *% and '* ? also a pseudo-triad. 

Annexed is a list of the chief compounds of this metal : — 

Nickelous cUoride NiCl, CI— Ni— CI 

Nickelous oxide NiO. 

NickeUc oxide jJJJo. Q^Ni^^i^O 

H H 

A i 

NickeUc bydrate | Sm°' • H-0— Ni— Ni— 0— H 



1 NiHo; 



H H 



Nickelous hydrate NiHo 

{Ni 

Nickelous sulphide. 

{Capillary pyrites^ > NiS". 
hair nickel,) 

Nickelic disulphide NiS". . S=Ni— S 
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Dipotassic nickelous di- I j^. J„ gOH 
^^V^&te [sOj,Ko 



K_0— S— 0— Ni— 0— Lo. 



NickeloTis dinitrate 



fNO, 

Nio", eott,. 

N0„ 



Dihydric pentanickelous f CHo(Ni"OHo)a 
dicarbomite tetrahy- < Mo" , 20H,. 

drate lCHo(NrOHo), 



^COKo 

CNio", lOOK. 



Dipotassic nickelous tri- . 

carbonate [ o 

\^COKo 

Nickelous diarsenide. 1 "As'-j^.,,, -^ 

(Kupfemickel,) ... J "As' ' \ 



AsD 

AsD 



or 






/As- 
Ni I 

^As- 



;;a8|--| cas abd 

NickeHc tetrarsenide. !!^!Ni»\ ^Ni^ 

"As'liJ CAs AsD 

Nickelous sulphide di- * « 

arsenide. ( Grey nickel / ■'^g"jJi" Ni I S 
ore, nickel glance,) l As \As/ 
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Absolute atomicity, 21. 
Acid, arsenic, 127. 
„ arsenious, 126. 
„ boracic, 56. 
„ boric, 56. 
„ boric monobasic, 55. 
„ boric tribasic, 55. 
„ bromic, 91. 
„ carbonic, 58. 
„ chlorhydric, 39. 
„ chloric, 50. 
„ chlorochroraic, 192. 
„ chlorous, 49. 

disulphodithionic, 77, 85. 

disulphuretted hyposulphuric, 
85. 
„ dithionic, 76, 84. 
„ graphic, 58. 

hycuiodic, 93. 

hydrobromic, 89. 

hydrochloric, 39. 

hydrofluoric, 99. 

hydrofluoboric, 55. 

hydroselenic, 86. 

hydrosulphuric, 72. 

hypobromous, 91. 

hypochlorous, 48. 

hypophosphorous, 118. 

hyposulphuric, 84. 

hyposulphurous, 76, 83. 

iodic, 95, 96. 

metabismuthic, 144, 147. 

metabismuthouH, 144, 146. 

metaboric, 55, 5(>. 

metantimonic, 135, 138. 
„ metantimonic, of Fr6my, 139. 
„ metantimonious, 135, 136. 

metaphosphoric, 119, 121. 

metarsenic, 127. 
„ metastannic, 109. 
„ muriatic, 39. 
,f nitric, 63. 

nitric, manufacture o( 63. 
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Acid, nitrous, 63, 65. 

orthantimonic, 134, 135. 

orthobismuthous, 146. 

orthoboric, 56. 
„ orthophosphorio, 122. 

parantimonic, 139. 

pentathionic, 77, 85. 

perchloric, 51. 

perchromic, 191. 

periodic, 95, 98. 

phosphoric, 119, 122. 

phosphoric dodecabasic, 119. 

phosphoric hexabasic, 119. 

phosphorous, 118, 120. 

pyrantimonic, 135, 139. 

pyrarsenic, 127. 

pyrophosphoric, 119, 122. 

selemc, 8*. 
„ selenious, 87. 
„ silicic, 104, 105. 

stannic, 108. 

sulpharsenic, 128. 

sulpharsenious, 128. 

sulphhydric, 72. 

sulphocarbonic, 75. 

sulphochromic, 191. 

sulphodithionic, 76, 84. 

sulphosulphuric, 76, 83. 

sulphuric, 76, 80. 

sulphuric, manufacture of, 81. 

sulphuric (Nordhausen), 76, 
79. 

sulphurous, 76. 
„ tetrathionic, 77, 85. 

titanic, 110. 

trisulphodithionic, 77, 85. 

trisulphuretted hyposulphuric, 
85. 

trithionic, 76, 84. 
Acid salts, definition of, 13. 
Acids, anhydrous, definition of, 8, 10. 
definition of, 8. 
dibasic, definition of, 9. 
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Addi, formation from anhydrides, 
44. 
monobasio, definition of, 9. 
nomenclature of, 9. 
of antimony, 134. 



it 
»i 

„ of chlorine, 48. 
„ of nitrogen, 63. 



polybasic, definition of^ 9. 
Action, chemical, modes of, 1. 
Active atomicity, 21. 
Affinity, chemioil, 4. 
AgsJmatolite, 181. 
A^kbaster, 164. 
Albite, 182. 
Allophane, 180. 
Allotropic oxygen, 42. 

,, phosphorus, 112. 
„ varieties of sulphur, 72. 
Alum, oonmion, 181. 
Aluminite, 180. 
AluininiinTi, 179. 
Agalmatolite, 181. 
Albite, 182. 
Allophane, 180. 
Alum, 181. 

Aluminate, dipotassic, 180. 
„ magnesic, 180. 

Aluminic calcic disilicate, 107. 
calcic trisilicate, 107. 
chloride, 179. 
hydrate, 179. 
manganous disilicate, 

195. 
manganous tetrasul- 

phate, 194. 
oxide, 179. 
oxydihydrate, 180. 
sulphate, 180. 
sulphate tetrahydrate, 

180. 
sulphide, 180. 
tricalcic trisilicate, 
107. 
Aluminite, 180. 

Alum, manganese aluminium, 
194. 
potassium chrome, 191. 
potassium manganese, 
194. 
Alum-stone, 181. 
Alimite, 181. 
Analcime, 182. 
Andalusite, 181. • 



» 
» 

»» 

)) 

M 

>> 

>» 
it 






If 
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AlnTnlninTn (continued). 

Anorthite, 107. 

Atomicity of aluminium, 170. 

Buchhomte, 181. 

Chiastolite, 181. 

CimoUte, 181. 

Collyrite, 181. 

Ck}mpounds of aluminium, 179, 

Cyanite, 181. 

Biaspore, 180. 

Dihydric aluminic tetrasilicaie, 
107. 

Dipotassic aluminate, 180. 

aluminic hexasilicate, 

107. 
aluminic tetrasul- 
phate, 181. 

Emerald, 107. 

Felspar, 107. 

PibroHte, 181. ' 

Gibbsite, 179. 

Grossuhuia, 107. 

Kaolin of Ellenbogen, 181. 

Labradorite, 107. 

Lepidolite, 182. 

Magnesic aluminate, 180. 

Malthacite, 182. 

Miloschine, 181. 

Orthose, 107. 

Porcelain clay, 181. 

„ clay of Fassau, 181. 

Prehnite, 180. 

Pyrophyllite, 107. 

Eazoumoffskin, 182. 

Saponite, 182. 

Sillimanit©, 181. 

Spinelle, 180. 

Spodumene, 180. 

Topaz, 180. 

Triglucinic aluminic hexasili- 
cate, 107. 

Wernerite, 181. 

Worthite, 181. 

Xenolite, 181. 

Zoisite, 180. 
Alum, manganese aluminium, 194. 
„ potassium chrome, 191. 
„ potassium manganese, 194. 
Alum-stone, 181. 
Alunite, 181. 
Amidogen, 28. 
Ammonia, 61, 68. 
Ammonic chloride, 61, 68. 



^^^^^ ^^ 


Ammonio Bftlts, 68, 70. 


Antinionious argentide, 131. 




bromide, 131, 134. 


Hulphato, 170. 


chloride, 129, 132. 


Ammonium, 69. 


ethide. 132. 


amalgam, 69. 


fluoride, 134. 


AmmoBoijl, 28, 


hydride 13a 




iodide, 134. 


carbon, 58. 


- oiidB, 134, 13B. 


,..„;.., >£""--"=• 


„ oirbroraide, 134. 


Anatase, 110. 




Andalusite, 181. , 


oiyiodidc 134. 
aulphide. 140. 


Anhydride, antimooio, 135, 137. 


antiniomqua, 134, 135. 


„ zinddo. 132. 


;; arsenio, 126,127. 






Antamony, 129. 


Burio. 178. 






and aulphur, 139. 


^L baric, 55. 


„ oompounds of, wilh-BuI- 
pbur, 140. 


^1 carbonic, S9. 


^P oUoroue, 47. 


„ copper glanco, 141. 


K. .„ chromic 190. 


„ ore, grey, 140. 


„ hypobroiuus, 01, 


oiidia and acids of, 134. 


„ hjPuo^,.»,47. 


red, laO. 


iodic 9B. 




nitric, 63, 64. 


Aquafortis, 63. 


nib-oos, 62, 64. 


Are, 33. 


periodic 96, 97. 






Arsenic 123. 




„ compounds of, nitti o^gon 


Blenkms, 87. 


and hjdroiyl, 126. 


■ „ idliaic, 104, 105. 






„ sulphide 128, m. 


^^1 Hiaiimc, 108. 




„ white, 126. 




Arwnioua chloride, 124, 125. 


Bulpharaenic 138, 129. 


„ hydride, 124. 


Bulpbarsenious, 128. 


„ sulphide, 138. 












tilonic HO. 


„ weight, 3. 




„ weights, toblo of. 6, 


deOnilion of, 8, 1(1. 


Atomicity, absDlute, 21. 


Anlijdroiis acid, definition of, 8, 10. 


„ active, 21. 


AnorlhilP, 107. 


apparent Tariafioa of, 20. 


Antimonio chloride, 120, 132, 133. 


lif^t. 21. 


oiytriehlorido, 134, 
sulphide, 140. 142, 


lawofTariationof, 21. 


marks, 18. 


sulphotricUloride, 134. 


of element*, 17. 


letrethcMibloride, 129. 


Atoms, 2. 


AntimouionB amylide, 132. 




k 


Aureus compounds (sea QoU), 
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Azote, 61. 
Azurite, 177. 

Baric carbonate, 161. 

chloride, 159. 

hydrate, 169, 163. 

nitrate, 161. 

oxide, 159, 160. 

peroxide, 160, 162. 

sulphate, 161. 
Barium, 159. 

compound of, mth hydroxyl, 

m. 

compounds of, with oxygen, 

m. 

Baryta, 160. 

„ caustic, 163. 
Bases, definition of, 11. 

organic, periodides of, 31. 
systematic and irregular 
names of, 11. 
Basic salts, definition of, 13. 
Berthierite, 141. 
Binary compounds^ 7. 
Bismuth, 143. 

compound of, with chlo- 
rine, 143. 
compounds of, with oxy- 
gen and hydroxyl, 144. 
compounds of, with sul- 
phur, 148. 
glance, 148. 
ochre, 145. 
telluric, 149. 
Bismuthic oxide, 146. 
Bismuthoas bromide, 144. 
chloride, 143. 
dichlorethide, 143. 
ditelluro-sulphide, 149. 
ethide, 143. 
fluoride, 144. 
iodide, 144. 
nitrate, 145. 
nitrate dihydrate, 145. 
oxide, 143, 144, 145. 
oxybromide, 144. 
oxychloride, 144. 
oxyhydrate, 144, 14G. 
oxyiodide, 144. 
sulphide, 148. 
Bismuthylic carbonate, 145. 
Bleaching-powder, 49, 165. 
Blende, manganese, 194. 
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Blue copper, 175. 

„ malachite, 177* 
Bonds, definition of, 18. 

„ nature o^ 25. 
Bone-ash, 111. 
Boracite, 56. 
Borates, 56. 
Borax, 56. 
Boric bromide, 54. 
chloride, 54. 
ethide, 52. 
fluoride, 54. 
nitride, 57. 
sulphide, 57. 
Boron, 52. 

amorphous, 51. 
diamond, 53. 

compounds of, with oxygen 
and hydroxyl, 55. 
Boulangerite, 141. 
Boumonite, 141. 
Bracket, use of, 16. 
Braunite, 193. 
Brochantite, 176. 
Bromates, 92. 
Bromine, 88. 

„ compounds of, with oxygen 

and hydroxyl, 90. 
„ hydrate, 89. 
Brookite, 110. • 
Brown haematite, 196. 

„ iron ore, compact, 196* 
„ „ fibrous, 196. 

Brucite, 166. 
Buchholzite, 181. 

Cadmic chloride, 171. 
hydrate, 171. 
oxide, 171. 
sulphate, 171. 
Cadmium, 171. 
Caesium, 157. 
Calamine, 169, 170. 

„ electric, 169. 
Calc spar, 164. 
Calcic carbonate, 164. 
chloride, 164. 
chlorohypochlorite, 165. 
dihydric, dicarbonate, 165. 
fluoride, 164. 
hydrate, 164, 165. 
magnesic dicarbonate, 166. 
magnesic disilicate, 107. 
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,. oiidfl, 164 185. 


Chromimn (contimud). ^^H 


Chromio dioxide, 190. ^^H 


„ peroiide, 1S5. 


bydrato, 191. ^^M 
odde. 180. ^H 




perfluoride, 169. ^H 


„ phomhide,]H. 


Chromimn, atomicity of, 18i), ^H 


compoirnds of, ISO. ^H 


Caldum, 164. 


Cliromoua chlan'do, 189. ^M 


Capacilj, meuures of, 33. 


diehroinui tetroxidi*, ^^H 


SJW"'^-'''' 


190. ^H 




^H 


„ compounds of, with OJjgen, 


hydrate, ISO. ^H 
oxide. 189. ^H 


„ varietiea of, 58. 


mlphide, 193. ^H 


Carbooatsg. 60. 


Crocoiaite, 191. ^H 




Dichromio ferrous tetroiide, ^^H 




190. ^H 


„ o^oWoride, 61. 


hexuiitrale, 191. ^H 


., tetrachloride, 68. 


trisulphate, 191. ^H 


Caufltie baryta, 103. 


trisulphide, 192. ^H 


potasli, 151. 




Celestine, IIH. 


Cervantite, 137- 




CbaU, 164. 


Dipotiwdc chromote, 190. ^H 




Chemical action, modw of, 1. 


^H 


affinity, 4. 








„ notation, 14. 


phate, 191. ^H 






ChiaatolitclSl, 




CWoratea, preparstion of, DO. 


190. ^H 


Chlorhydnc acid, 3H. 
Chloridea, 40. 




drat«, 191, ^H 




Perchromio acid, 1 91 . ^^1 


Chlorine, 38. 


Flumbic chroiiiat«, 191. ^^1 






gm nnd hjdroijl, 46. 




„ orides of, 40. 




CUorofonn, eilicon, 102. 


Potassium chrome alum, 191. ^H 


Chloronitric gus. 68. 


Ked lead ore, 191. ^H 


ChloronitrouB gaa, 67. 




CWoropal. 107. 


a,J.jdride, H 


Chloropen.ilrioga8,68. 


192. ^H 


OiromB iron ore. 190. 






pk>t«, 191. ^M 


Chrominm, 189, 


Tnplumbio diohromale, 188. ^H 


Chlorooliroroio noid. 102. 


Cimolilc, lei. ^B 


Chrome iron ore, 190. 


Cinnabar, \T2. ^H 


Cbromie anhydride, 190. 




,. chJoride. 189. 




Ik 


„ |>orcelaiiiofPawau, 181. ^H 
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Cobalt, 199. 

Atomicity of cobalt, 199. 
Cobalt pyrites, 200. 
Cobaltic chloride, 199. 

disulphide, 201. 
oxide, 199. 
o^diJbydrate, 200. 
„ Bulphide, 200. 
Cobaltoso-diammon-^ammonic 

dichloride, 200. 
Gobaltous chloride, 199. 

dicobaltic tetroxide, 

199. 
dihydric sulphate, 

2501. 
dinitrate, 200. 
dipotassic dicarbo- 

nate, 200. 
dipotassic disulphate, 

200. 
hydrate, 200. 
oxide, 199. 
sulphide, 200. 
Compounds of cobalt, 199. 
Dicobaltic hexammon-hexam- 
monic hexachlo- 
ride, 200. 
I, tetrammon-hexam- 

monic hexachlo- 
ride, 200. 
Dicobaltous carbonate dihy- 
drate,200. 
„ oxysulphide, 201. 

Dihydnccobaltous sulphate,201 . 
„ pentacobaltouH dicar- 
bonate tetrahy- 
drate, 200. 
Dipotassic cobaltous dicarbo- 
nate, 200. 
„ cobaltous disulphate, 
200. 
Hexacobaltic heptoxide, 199. 
Luteo-cobalt chloride, 200. 
Purpureo-cobalt chloride, 200. 
Boseo-cobalt chloride, 200. 
Collyrite, 181. 
Combination, atomic, 30. 

„ molecular, 30. 

Combining proportions, 2. 
Common sodic phosphate, 123. 
Compound radicals, 26. 

radicals, chief inorganic, 
list of, 28. 



II 



>> 
ft 
it 

a 
11 



11 



11 



11 



11 
11 

11 

11 

11 

11 



Compound radicals, definition of, 27. 
radicals, dyad, 27. 
radicals, monad, 27. 
radicals, symbols of, 28. 
radicals, triad, 27. 
substances, 1. 
of nitrogen with chlorine, 

70. 
of nitrogen with, iodine 

and hydro^n, 71. 
of nitrogen with chlorine 

and oxygen, 67. 
of nitrogen with hydro- 
gen, 68. 
Compounds, 1. 

binary, 7. 

of boron with oxgen 

and hydroxyl, 55. 
of chlorine with oxygen 

and hydroxyl, 46. 
of carbon with oxygen, 

59. 
of nitrogen with oxygen 

and hydroxyl, 62. 
of sulphur wiui poaitiye 
elements, 72. 
Constitutional formula 17. 
Copper, 174. 

Ammoniocupric carbonate, 177. 
„ sulphate, 176. 

Atomicity of copper, 174. 
Azurite, 177. 
Blue copper, 175. 

„ malachite, 177. 
Brochantite, 176. 
Compounds of copper, 174. 
Copper azure, 177. 
„ glance, 175. 
„ pyrites, 198. 
Cupric duoride, 174. 
hydrate, 175. 
nitrate, 175. 
oxide, 175. 
phosphide, 113. 
sulphide, 175. 
sulphohjrdrate, 175. 
Cuprodiammomo carbonate. 

177. 
Cuprous chloride, 174. 
hydrate, 174. 
hydride, 174. 
oxide, 175. 
quadrantozide, 175. 
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Copper (contimied). 

Cuprous sulphide, 175. 
Dicupric carbonate, 176. 

„ carbonate dihydratc, 
176. 
Diferric dicupric tetrasulphide, 

198. 
Dihydric cupric sulphate, 175. 
diammonic cuprodi- 
amnionic sulphate,176 
tetracupric sulphate 

tetrahjdrate, 1^6. 
tricupric dicarbonate, 
176. 
Dioptase, 177. 
Dipotassic cuprio disulphate, 

176. 
Hydrio cupric silicate hydrate, 
177. 
pentacupric sulphate 

pentahydrate, 176. 
tncupric sulphate tri- 
hydrate, 175. 
Indigo copper, 175. 
Malachite, 176. 
Mountain-blue, 177. 
Mysorin, 176. 
Bed copper ore, 175. 
Ruby ore, 175. 
Coquinibite, 198. 
Cream of tartar, 136. 
Crith, 34. 

„ use of the, 35. 
Crocoisite, 191. 

Crystallization, water of, 30, 44. 
Cubic foot, 33. 

Cupric compounds (see Copper). 
Cuprous compounds (see Copper). 
Cyanito, 181. 

Dark-red silver, 141. 
Definition of acids, 8. 

acid salts, 13. 

anhydrides, 8, 10. 

anhydrous acids, 8, 10. 

artiads, 20. 

bases, 11. 

hasic salts, 13. 

chemistry, 1. 

compound radicals, 27. 

dyads, 20. 

dibasic acids, 9. 

haloid salts, 12. 
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Definition of hexads, 20. 

hydrates, 11. 

monads, 19. 

monobasic acids, 9. 

neutral salts, 12. 

normal salts, 12. 

oxysalts, 12. 

pentads, 20. 

perissads, 20. 

polybasic acids, 9« 

salts, 12. 

Bulpho-galts, 12. 

tetrads, 20. 

triads, 20. 
Diamide, trimercuric, 174. 
Diamond, 59. 

„ boron, 53. 
Diarsenious disulphide, 128. 
Diasporo, 180. 
Diatomic molecules, 3, 19. 
Dibasic acids, definition of, 9« 
Dibismuthic tetroxide, 144. 
Dibismuthous dioxide, 144. 
,, disulphide, 148. 

„ tetrachloride, 144. 

Dicadmic sulphate dihydrate, 171. 
Dicalcic carbonate dihydrate, 165. 
Dichlorethide, bismutuous, 143, 
Diglucinic silicate, 106. 
Diopside, 107. 
Dioptase, 177. 
Disilicic hydrotrioxide, 102. 
Disodic disulphate, 79. 
Displaceable hydrogen, 9. 
Disulphide, dibismuthous, 148. 
Ditelluro-sulphide, bismuthous, 149. 
Dithionates, 84. 
Dititanic dinitride, 110. 

„ hexachloride, 110. 
Dizirconic silicate, 106. 
Dodecasodic decaphosphate, 119. 
Dolomite, 166. 
Dyad compound radicals, 27. 

„ elements, 40, 159. 
Dyads, definition of, 19. 
„ list of, 32. 

Electric calamine, 169. 
Electro-negative elements, 4. 
„ -positive elements, 4. 
Elementary molecule, 2. 
Elements, 1. 

„ atomicity of, 17. 
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Elements, classification of, 31. 

dyad, 40, 159. 

electro-negative, 4. 

electro-positive, 4. 

hexad, 71, 189. 

monad, 36, 149. 

names of, 6, 7. 

negative, 4. 

pentad, 61, 111. 

positive, 4. 

table of, 6. 

tetrad, 58, 179. 

triad, 52, 178. 
Ellenbogen, kaolin of, 181. 
Embolite, 158. 
Emerald, 107. 
Emetic tartar, 136. 
Empirical formulae, 17. 
Enstatite, 106. ' 
Equations, chemical, 15. 
Etnide, antimonious, 132. 
„ boric, 52. 

bismuthous, 143. 
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Fahl ore, 141. 

Feather ore, 141. 

Felspar, 107. 

Ferric compounds (see Iron). 

Ferrous compounds (see Iron). 

FibroUte, 181. 

Fibrous brown iron ore, 196. 

Flint, 106. 

Fluoride, antimonious, 134, 

„ bismuthous, 144. 
; „ , boric, 54. 

,, silicic, 103. 
Fluorine, 98. 

„ compound of, T\ith hyclro- 
gen, 99. 
Foot, 33. 

„ cubic, 33. 
Formulae, 14. 

„ constitutional, 17. 
empirical, 17. 
graphic, meaning of, 2r^. 

„ rational, 17. 

„ statical and dynamical, 26, 
Fowler's solution, 1£6. 
Francolite, 123. 

Galena, 186. 

Gallon, 33. 

Gtis, chloronitric, 68. 









Gas, chloronitrous, 67. 
chloropemitric, 68. 
laughing, 66. 
phosgene, 61. 
Gaseous phosphoretted hydrogen, 

112. 
Gibbsite, 179. 
Glance, bismuth, 148. 
iron, 196. 
nickel, 202. 
„ silver, 158. 
CStold. 178. 

Atomicity of gold, 178. 
Auric anhydride, 178. 
„ chloride, 178. 
„ iodide, 178. 
„ oxide, 178. 
„ sulphide, 178. 
Aurous chloride, 178. 
„ iodide, 178. 
„ oxide, 178. 
„ sulphide, 178. 
Compoimds of gold, 178. 
Fotassic aurate, 178. 
Grain, 34. 
Gramme, 34. 
Graphic acid, 58. 

„ formulae, meaning of, 25. 
„ notation, 23. 
Graphite, 58. 

Green salt of Magnus, 183. 
Greenockite, 171. 
Grey antimony ore, 14C, 

„ nickel ore, 202. 
Grossularia, 107. 
Guanite, 167. 
Gypsum, 164. 

Haematite, brown, 196. 

„ red, 196. 
Hair nickel, 201. 
Haloid salts, definition of, 12. 
Hartmangan, 193. 
Hausmanite, 193. 
Heavy spar, 160. 
Helvine, 195. 
Hepar sulphuri?, 154. 
Heterocline, 195. 
Hexad elements, 71, 189. 
Hexads, definition of, 20. 

„ Hstof, 32. 
Hexasodic tetraphosphate, 119. 
Hexutomic molecules, 3. 
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Hom-mereiuT, 172. 


Xrcm (eontinu^. 


„ silver, 158. 


Compaet brown iron ore, 196. 


Hydrate, nrgantio, loS. 


Compounds of iron, 106. 


baric, 163. 


Diehromio fertous tetroxide, 


|t^_ „ cadmio, 171. 


^H „ caldo, 165. 


I^H „ magneeio, 166. 


190. 




3>,.„W™^*„™^pMd., 


Bodio, 155. 


strontic. 103. 


„ dioiT-dihyarate, 197. 
,. heialiydrate, 196. 


mocio, 170. 


Uvdrates, 44. 


„ heranitrate, 198. 


definition of, 11. 


„ ow-letrahydrate, 197. 


Hjdrio oxidB, 44. 




„ porojide, 45. 




„ pereulphide, 74. 


JliferrouH BulpHde. 197. 


„ aulphate, W. 






198. 




fenroua diaulphate. 


BiUoiO. 101. 


198. 




Farrie cldoride, 196. 


Hjdrodinirxiide, nitrous, 71. 




Hjdroge-, 36. 


„ oxide, 190. 




„ triBilicate, 107. 


trogra.63. 


Ferrous rarb6nato, 199. 




„ chloride, 196. 


„ sulphiaretted, 73. 




EydrotriGhloride, silicic, 102. 


190. 
., diforric tctroiide, 197. 




HydrotrioridB, diBilicic, 102. 


198. 


Hydroiyl. 2S, 45. 


„ hydrate, 196. 


HjpBroxide, chloric, 46. 


„ nitrate, 199. 


Hypoobloritei. 4!). 


„ o«de, 195. 


Hypocliloroiu anhydride, 47. 


., anlphate, 198. 


„ sulphide, 197. 






Indigo copper, 175, 


dihydrale, 198. 


Inorganic compound radical*, c-h-cf. 


Iron glance, ia6. 


list of, as. 


„ iniraccoiiB. lOT.. 


lodatcB. 97- 


., ore, brown, 197- 




„ ore, compact brown, KH. 


„ bistnuthous, 144. 


,, ore, fl-brouB broim, 19li. 


Iodine, h. 


„ ore, nrngnolic. 197. 
„ ore, ne^Ic, 197. 


compoundl of, willi uiygcn 


„ ore, apathic. 199. 


and bjdroiyl, 95. 




Iroi],m. 


„ pyrites, 197. 




„ Bptcular, lUG. 




Magnelisiwnore, 197. 


„ iron or*, V.n. 


„ pyril«,l!)a. 


Chrome iron ore. l;Xi. 


Martial pyrites. 197. 

p3 ^^ 
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Iron (continued). 

Micaceous iron, 196. 

Needle iron ore, 197. 

Octoferrous sulphide, 197. 

OUgist, 196. 

Potossic ferrate, 197. 

PotasHum iron alum, 198. 

Bed haematite, 196. 

Spathic iron ore, 199. 

Specular iron, 196. 

Tetraferrio sulphate, 198. 

„ trioxyhexahydrate, 
196. 

Tetrahydric tetraferric sulphate 
ootonydrate, 198. 

Triferric tetroxide, 197. 

Vitriol ochre, 198. 
Irregular names, 8, 11. 

, , names of hases, 1 1 . 

Kaolin of Ellenbogen, 181. 
KobeUite, 149. 
Kupfernickel, 202. 

Labradorite, 107. 
Lanarkite, 188. 
Latent atomicity, 21. 
Laughing gas, o6. 
Law of volumes, 3. 
Lead, 184. 

Basic hyponitrate of lead, 187. 
Crocoisite, 191. 

Dihydric diplumbic nitrate hy- 
drate, 187. 
diplumbic nitrate ni- 
trite, 187. 
triplumbic dicarbo- 
nate, 188. 
Diplumbic chromate, 188. 

dihydrate carbonate, 

Yorke's, 187. 
nitrite hydrate, 186. 
oxychlorohydrate, 

186. 
oxydichloride, 185. 
oxydihydrate, 185. 
sulphate carbonate, 

188. 
sulphodichloride, 

186. 
trioxide, 185. 
Dipotassicplumbate, 188. 
Galena, 186. 
Hvdric plumbic nitrate, 187. 
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Lead (continued). 
Lanarkite, 188. 
Lead, atomicity of, 184. 
compounds of, 184. 
spar, 187. 
vitriol, 186. 
Leadhillite, 188. 
Litharge, 185. 
Matlockite, 185. 
Mendipite, 186. 
Octoplumbic heptoxydichloride, 

186. 
Plattnerite, 185. 
Plumbic carbonate, 187. 
chloride, 184. 
chlorohydrate, 185. 
chromate, 191. 
dinitrate, 187. 
dinitrite, 186. 
hydrate, 186. * 
nitrite hydrate, 186. 
oxide, 185. 
peroxide, 185, 
sulphate, 186. 
sulphide, 186. 
Plumbous oxide, 185. 
Red lead, 185. 

„ ore, 191. 
Tetraplumbic pentoxide, 185. 
„ tricarbonate sul- 

phate, 188. 
Triplumbic dichromate, 188. 
dihydrate dicarbo- 

nate, 188. 
oxydichloride, 186. 
tetroxide, 185. 
White lead, 188. 
„ lead ore, 187. 
Lead, l»sic hyponitrate of, 187. 
„ ore, red, 191. 
„ ore, white, 187. 
„ red, 185. 
spar, 187. 
vitriol, 180. 
white, 188. 
Leadhillite, 188. 
Length, measures of, 33. 
Lepidolite, 182. 
Letters, thick, use of, 16. . 
Lime, chloride of, 49, 166. 

„ slaked, 165. 
Liquid phosphoretted hydrogen, 112, 
114. 
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Listofdvads, «3. 




., lieudo. 32. 




„ monuk, 32. 


mangonous diaul- ^^M 


., ,»>.t«d.,32. 


phate, 194. ^H 


„ le^™d^ 32. 




., triads, 32. 




Litharge. 185, 




Litliia, 166. 


Hartuiangan, 193. ^H 


Lithia cMoride, 15G. 


., hydrate, 156, 


HelTine, 195. ^H 


lithium, 166. 


Ueterodiue, 195. ^M 


Litre, 33. 




LiwofBulphur, IM. 




Luteo-oobidt chloride, 200. 


194. ^M 




blrodr, 194. ^H 


MagnMis, 16fl. 


poMMium alum, ^^M 


„ alba, IG8. 


^M 






spar, 194. ^H 


„ chloride, Ififi. 




„ hrdrate, IGO. 


oxide, 193. ^H 


„ imde, 166. 




„ »alph8t«, 166, 


Manganil^, 1»3. ^H 


Magnesite, 167, 






^H 


Magnetic iron ore, 197. 


chloride, 192, ^H 


„ pyrites, 190. 


sluminio tetrasul- ^^| 


Magnus, grBsn wit of, 183. 
Malachite, 176, 


phete, 194. ^H 


bluB, I7T, 


dihvdric sutphato, ^^H 


Malthadla, 182. 


194. ^M 


Manganese, 1Q2. 


idc, 193. ^H 




19B. 




„ manganoila tetraaul- 


idodi)];drate,19a ^H 


phate, IW. 




phate, 194. ^M 


Braunile, 103. 


hjdrate, 192. ^H 




adds, 193, ^M 




lUicate, 195, .^H 


hjdrate, 195. 


sulphide, m. ^M 


dimangsnoua diphos- 
phate, 1S5, 


Polarainm manganese alum, ^^M 




m^ 194. 


Prrolusite, 193. ^H 




Red manganese, 195, ^^M 


^H 193. 




■■ hnaohloride, 192. 


Bother Mangankioael, 195. ^H 


■1 trioiide, 193. 


Siticiferoua manganesr, 195. ^^H 








Tephroite, 195. ^^M 


plmte, 194. 


i^ioateaulphtde, 1^ ^H 
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KLaxi%9Xieee (continued). 

Trimanganio tetroxide, 193. 
Varvicite, 193. 
Manganese aluminium alum, 194. 
blende, 194. 
potassium alum, 194. 
red, 195. 
spar, 194. 
Manganite, 193. 
Manufacture of nitric acid, 63. 
Marble, 164. 
Marks of atomicity, 18. 
Martial pyrites, 197. 
Matlockite, 185. 
Measures of capacity, 33. 
length, 33. 
surfEUje, 33. 
weight, 34. 
Measures, weights and, 32. 
Meerschaum, 107. 
Mendipite, 186. 
Mercury, 172. 
Cinnabar, 172. 
Dihydrio trimercuric dinitrate, 

173. 
Dimercurous dinitrate, 173. 
Hexahydric trimercurous tetra- 

nitrate, 173. 
Horn-mercury, 172. 
Merourous tetrahydric dinitrate, 

173. 
Mercurammonic chloride, 174. 
Mercuric chloride, 172. 
oxide, 172. 
sulphate, 172. 
„ sulphide, 172. 
Merourosodiammonic dichlo- 

ride, 173. 
Mercurosomercuro-diammonio 

dichloride, 174. 
Mercurous chloride, 172. 

dimercuric dinitrate, 

173. 
oxide, 172. 
sulphate, 172. 
sulphide, 172. 
Tetrahydric dimercuric dini- 
trate, 173. 
mercuric dini- 
trate, 173. 
mercurous dini- 
trate, 173. 
Tetramerciirio carbonate, 173. 
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Mercury (continued), 

Trimercuric carbonate, 178. 
diamide, 174. 
sulphate, 172. 
Turpeth mineral, 172. 
Vermilion, 172. 
White precipitate, 174. 
Metaboric acid, 55. 
Metalloids, 6. 

„ names of, 6. 

Metals, 6. 

Metaphosphates, 121. 
Metastannic acid, 109. 
Metasulphantimonites, 141. 
Metasulphantimonite, sulphargen- 

tic, ill. 
sulphocu- 

prouB,141. 
sulphofer- 

rous, 141. 
sulphoplum- 
bic, 141. 
Metre, 33. 
Miargyrite, 141. 
Micaceous iron, 196. 
Miloschine, 181. 
Modes of chemical action, 1. 
Molecular combination, 30. 
„ union, 30. 
volume, 2. 

volumes, table of, 3. 
weight, 2. 
Molecules, 2. 

diatomic, 3, 19. 
elementary, 2. 
hexatomic, 3. 
monatomic, 3, 19. 
tetratomic, 3. 
triatomic, 3, 19. 
Monad compound radicals, 27. 

„ elements, 36, 149. 
Monads, definition of, 19. 

„ list of, 32. 
Monatomic molecules, 3, 19. 
Monobasic acid, definition of, 9. 

„ boric acid, 55. 
Monomagnesic silicate, lOG. 
Mountain-blue, 177. 
Muriatic acid, 39. 
Mysorin, 176. 

Names of bases, systematic and irre- 
gular, 11. 
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Names of eleinmlfl,G.T. 


Nitrogen, campountt of, with Iiydro- ^^H 


„ irwgular.a, H. 


gen and iodine, 71. ^^^| 


„ BVstemstic. 8, 11. 




„ trivial. 8, 11. 


^d!i;dnn>7l,S2. ^H 


NuedlB iron ore. 197. 


Nitrous chloride, 70. ^H 


„ are, 149. 


„ b}d^odi^iDdid(^ 71. ^H 


HegatiYB Blements, i. 


Diida. 62, no. ^^1 


Nickel, 201. 




OapiUarj pjriles, 201. 
Dihrdrio niokeloue sulphate, 




ol'acid^i, D. ^^1 


201. 


Non-metals, 6. ^H 




names of, 0. ^M 
Normal salU, 12. ^^M 


^^B bonate letrahjdrate, 


^K 202. 


Notation, 14. ^^1 




' chemical, 14. ^^1 




„ graphic 33. ^H 


^m m. 


ajrobohc, 14. ^^_^^B 


^H nickflmu tricarbo- 


^^^^H 


^H nate, 202. 


Ochr?, biamutb. 14S. -^^^^^M 


^H Orav oiclcel ore, 202. 


Titriol, 198, ^^^^^H 


^H £air ixidkel. 201. 


Okeaite, 107. '^^^^^H 


^H Nicbl gUn<», 202. 


Oligist, 100. '^^^^^1 


Opal. 106. ^H 


^m Nickelio diaulphidB. 201. 


Ophite. 106. ^H 


^^ hyarato, 201. 


Oceanic ba«>, periodidea of, 31 . ^H 


^V oiide, 201. 


Ortbose, 107. ^^M 


^B tetranenide, 202. 


Ounce, 34. ^^M 


^B Kiokdous DUoride. 201. 




Oiacida Of nitrogen. G3. ^H 


^H dibj^rio BulpbaU, 


Oxide, anlimonioun, 134, 135. ^^M 


^H 


bismathic, 140. ^H 


^H dinitmlc. 202. 


bismuthoiu, 143, 145, 140, ^H 




csarbonic. 60. ^H 


^Hl 202. 


chloric, 40. ^H 


^^^B ^pgtassic tricarbo- 


bfdric, 44. ^H 


^H nste. 203. 


„ hypochlorous, 46. ^H 


^H hydrate. 201. 


nitric, 02, 66. ^H 


^H Dcde, 201. 


mlrous, G2, 66. ^^^1 


I^H sulphide. 201. 






Oxides of antimonr. 134. ^^H 


„ of chlorine. 47. ^^M 


Nitrates, 64. 


„ of nitrogen. 62. ^M 


Nitric oxido, e2. (Ml. 


Oxjgen, 40. ^M 


„ paroude, OT. 


„ allotTDpic. 42. ^H 


Nitride, boric. B7. 




NiWiUe, tll>. 


Nitrogoa. 61. 


Oxunc, 42. ^M 


„ compound of. wills plilorine. 




70. 


Fessa.1, pon^elain ckj of, ISl. ^H 


compounds of, witli elilo- 


Pentad elements, 61, 111. ^^H 


rina and oiygon, 07. 


Penlads, 32. ^^M 




At»- 


Pericbte, 106. ^^M 
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Feriodates, 98. 

Perissads, 20. 

PetaUte, 180. 

Phenacite, 106. 

Phosgene gas, 61. 

Phosphate, triple, 123. 

Phosphates, 123. 

Phosphonic iodide, 111, 113. 

Phosphoretted hydrogen, gaseous, 

hydrogen,liquid, 1 12, 

114. 
hydrogen, solid, 112, 
114. 

Phosphoric chloride, 111, 115. 
„ oxytrichloride, 116. 
„ sulphotrichloride, 117. 
Phosphorite, 164. 
Phosphorous trichloride. 111, 115. 

„ trihydride. 111. 

Phosphorus, 111. 

allotropic, 112. 
amorphous, 112. 
compounds of, with 
oxygen and hydroxy 1, 
118. 
manufacture of, 111. 
red 112. 
Platinum, 182. 

Diplatosammonic oxide, 184. 
Green salt of Magnus, 183. 
Platinic chloride, 183. 
hydrate, 183. 
oxide, 183. 
„ sulphide, 184. 
Platinoso-diammonic dichlo- 

ride, 183. 
Platinous chloride, 183. 
hydrate, 183. 
oxide, 183. 
sulphide, 184. 
Platinum, atomicity of, 182. 

„ compounds of, 183. 
Platoso-diammon diammonium 

dihydrate, 184. 
White compound of Beiset, 183. 
Plattnerite, 185. 
Plumbago, 58. 

Plumbic compounds (see Lead). 
Plumbous compounds (see Lead). 
Polybasic acids, definition of, 9. 
Porcelain clay, 181. 

„ of Passau, 181. 
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Positive elements, 4. 
Potash, 151. 

„ caustic, 151. 
Potassium, 149. 

Dipotassic aluminate, 180. 

aluminio hezasili- 

cftte, 107. 
chromate, 190. 
chromout disulpfaate, 

191. 
cobaltous dicarbo- 

nate, 200. 
cobaltous disulpbate, 

200. 
cupric disulpliate, 176. 
dichromate, 190. 
dichromic tetrasul- 

phate, 191. 
diferric tetrasol- 

phate, 198. 
diflulphide, 153. 
ferrous disulphate, 

198. 
beptasulpbide, 153. 
nickelous disulpbate, 

202. 
nickelous tricarbo- 

nate, 202. 
pentasulphide, 153, 

154. 
plumbate, 188. 
sulphide, 153. 
tetrasulpbide, 153. 
trichromate, 190. 
trisulphide, 153, 154. 
Hydric potassic tartrate, 136, 
150. 
„ sodio potassic phos- 
phate, 123. 
Normal potassic chromate, 190. 
Potassic antimonylio tartrate, 
136. 
aurate, 178. 
bichromate, 190. 
carbonate, 155. 
chloride, 149, 161. 
chlorochromate, 192. 
chromate, normal, 190. 
dioxide, 152. 
ferrate, 197. 
„ fluoride, 151. 

hydrate, 149, 151. 
iodide, 149, 151 . 
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Potassium (continued), 
Potassio oxide, 152. 

perchlorate, prepara- 
tion of, 51. 
peroxide, 153. 
sulphide, 149. 
sulphocarbonate, 75. 
sulphbydrate, 153. 
terchromate, 190. 
teiroxide, 152, 153. 
Potassium chrome alum, 191. 
compounds of, 151. 
compound of, with 

bromine, 151. 
compound of, with 

cmorine, 151. 
compound of, with 

fluorine, 151. 
compoimd of, with 
hydrosulphyl, 
153. 
compound of, with 

iodine, 151. 
compounds of, with 

oxygen, lo2. 
compounds of, with 

sulphur, 153. 
iron alum, 198. 
manganese alum, 
194. 

Tetrapotassio dichromosulphate, 
191. 
Potafisoxyl, 28. 
Powder, bleaching, 49, 165. 
Prehnite, 180. 
Proportion, combining, 2. 
Proustite, 129. 
Psilomelane, 193. 
Purpureo-cobalt chloride, 200. 
Pyrites, capillary, 201. 
cobalt, 200. 
copper, 198. 
iron, 197. 
magnetic, 199. 
martial, 197- 
Pyrographitic oxide, 59. 
Pyrolusite, 193. 
Pyromorphite, 123. 
Pyrophosphates, 122. 
Pyrophyllite, 107. 
Pyrosulphantimonites, 141. 

Quadrantoxide, cuprous, 175. 
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Quartz, 106. 
Quicklime, 165. 

Radicals, compound, 26. 

compound, chief inorganic, 

list of, 28. 
compound, chief inorganic, 

symbols of, 28. 
compound, definition of, 

compound, dyad, 27. 
compound, monad, 27. 
compound, triad, 27. 
gimple, 26. 
Rational formula), 17. 
Bazoumoffskin, 182. 
Realgar, 128. 
Red antimony, 139. 

„ copper ore, 175. 

„ hsBmatite, 196. 

„ lead, 185. 

„ lead ore, 191. 

„ manganese, 195. 

„ phosphorus, 112. 

„ silver ore, 158. 

„ zinc, 168. 
Reiset, white compound of, 183. 
Rock-crystal, 106. 
Roseo-cobalt chloride, 200. 
Rothbraunsteinerz, 195. 
Rother Mangankiesel, 195. 
Rubidium, 157. 
Ruby ore, 175. 
Rutile, 110. 

Salt cake, 156. 

Salts, acid, definition of, 13. 

„ aramonic, 69. 

„ basic, definition of, 13. 

,, definition of, 12. 

„ haloid, definition of, 12. 

„ neutral, definition of, 12. 

„ normal, definition of, 12. 

„ o^nr-, definition of, 12. 

„ sulpho-, definition of, 12. 
Sand, 106. 
Saponite, 182. 
Scheele's green, 126. 
Schwarzcr Mangankiesel, 195. 
Schweinfurt green, 127. 
Selenite, 164. 
Selenium, 86. 

„ chlorides of, 86. 
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Selenium, compounds of, with oxy- 
gen and hydroxyl, 87. 
Sefeniuretted hydrogen, SQ. 
Senarmontite, 135. 
Serpentine, 107. 

noble, 106. 
Signs, use of, 16. 
SUicates, 106. 

Aluminio calcic disilicate, 107. 
calcic trisilicate, 107. 
tricalcic trisilicate, 
107. 
Anorthite, 107. 
Calcic magnesic disilicate, 

107. 
Chloropal, 107. 
Diglucinic silicate, 106. 
Dihydric aluminic tetrasilicate, 
107. 
„ trimagnesic disilicate, 
107. 
Dimagnesic silicate, 106. 
Diopside, 107. 
Dioptase, 177. 
Dipotassic aluminic hexasilicate, ■ 

107. 
Dizincic silicate, 107. 
Dizirconic silicate, 106. 
. Emerald, 107. 
Enstatite, 106. 
Felspar, 107. 
Ferric trisilicate, 107. 
Grossularia, 107. 
Hydric cupric silicate hydrate, 

177. 
Labradorite, 107. 
Meerschaum, 107. 
Monomagnesic silicate, 100. 
Noble serpentine, 106. 
Okenite, 107. 
Ophite, 106. 
Orthose, 107. 
Peridote, 106. 
Phenacite, 106. 
PyrophyUite, 107. 
Serpentine, 107. 
Sodic silicate, Yorke's, 106. 
Steatite, 107. 
Talc, 107. 

Tetrabydric calcic disilicate, 

107. 
„ dimagnesic trisi- 

licate, 107. 
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Silicates {continued), 

Tetramagnesic pentasilicatei 

107. 
Topaz, 180. 

Triglucinic aluminic hexasili- 
. cate, 107. 

Trimagnesic tetrasilicate, 107. 
Willemite, 106. 
Zircon, 106. 
Silicic bromide, 103. 
chloride, 101. 
fluoride, 103. 
hydride, 101. 
hydrotrichloride, 102. 
sulphide, 108. 
Siliciferous manganese, 195. 
Silicium, 99. 

Silicoformic anhydride, 102. 
Silicon, 99. 

adamantine, 100. 
amorphoas, 99. 
chloroform, 102. 
compounds of, with oxygen 
. and hydroxyl, 104. 
graphitoidal, 100. 
Sillimanite, 181. 
Silver, 158. 

Argentic chloride, 158, 159. 
hydrate, 169. 
iodide, 158, 159. 
nitrate, 158. 
oxide, 158, 159. 
peroxide, 159. 
sulphate, 158. 
Argentide, antimonious, 131. 
Argentous oxide, 159. 
Silver, compounds of, with oxy- 
gen, 159. 
glance, 158. 
horn, 158. 
ore, dark red, 158. 
Sulphargentic metasulphanti- 

monite, 141. 
Trisulphargentic sulphantimo- 
nite, 141. 
Simple radicals, 26. 
„ substances, 1. 
Soda ash, 156. 
Sodic carbonate, 155. 
chloride, 155. 
hydrate, 155. 
oxide, 155. 
nitrosulphatc, 71. 
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Sodic pyrantimoniatc, 139. 

„ silicate, Yorke's, 106. 

„ sulphide, 156. 
Sodium, 155. 
Solid phosphoretted hydrogen, 112, 

114. 
Spar, lead, 187. 

„ manganese, 194. 
Spathic iron ore, 199. 
Specular iron, 196. 
Spinelle, 180. 
Spodumene, 180. 
Stannic compounds (see Tin). 
Stannous compounds (see Tin). 
Statical formula;, 26. 
Steatite, 107. 
Stibnite, 140. 
Strontianite, 164. 
Strontic carbonate, 164. 

„ chloride, 163. 

„ hydrate, 163. 

„ oxide, 163. 

„ peroxide, 164. 

„ sulphate, 164. 
Strontium, 160. 
Struvite, 167. 
Substances, compound, 1. 

simple, 1. 
Sulphantimonic anhydride, 142. 
Sulphantimonites, 141. 
Sulphantimonious anhydride, 140. 
Sulphargentic metasulphantimonite, 

141. 
„ sulpharsenite, 129. 

Sulphates, 81, 82. 
Sulphhydrates, 73. 
Sulphhvdric acid, 72. 
Sulphide, antimonic, 140, 142. 
antimonious, 140. 
arsenic, 128, 129. 
arsenious, 128. 
bismuthous, 148. 
boric, 57. 
Sulphides, 73. 
Sulphites, 78. 
Sulphobismuthites, 149. 
Sulphocarbonates, 75. 
Sulphocuprosoferrous pyrosulphan- 

timonite, 141. 
Sulphocuprous metasulphantimo- 
nite, 141. 
Sulphofcrrous metasulphantimonite, 

141. 
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Sulphohydrate, cupric, 175. 
Sulphoplumbio matasulphantimo* 

nite, 141. 
pyrosulphantimo- 

nite, 141. 
sulphobismuthite, 
149. 

Sulphosalts, definition of, 12. 
Sulphosulphates, 83. 
Sulphur, 71. 

„ allotropic varieties of, 72. 
„ an analogue of oxygen, 72. 
„ compounds of, with basy- 
lous or positive elements, 
72. 
, , compounds of, with oxygen , 
and hydroxyl, 76. 
Sulphuretted hydrogen, 72. 
Sulphuric dioxydichloride, 71. 
Surface, measures of, 33. 
Symbolic notation, 14. 
Symbols, 6, 14. 

of chief inorganic com- 
pound radicals, 28. 
table of, 6. 
Systematic names, 8. 

„ names of bases, 11. 

Table of atomic weights, 6. 
„ elements, 6. 
„ metalloids, 6, 32. 

molecular volumes, 3. 
negative elements, 4. 
non-metals, 6, 32. 
symbols, 6. 
Talc, 107. 
Tartar, cream of, 136, 150. 

„ emetic, 136. 
Telluric bismuth, 149. 
Tellurium, 87. 

„ compounds of, 88. 

Temperature, 34. 
Tetrachloride, carbonic, 58. 
Tetrad elements, 58, 179, 182, 184. 
Tetrads, definition of, 20. 

list of, 32. 
Tetradymite, 149. 
Tetratomic molecules, 3. 
Tetrethylarsonic chloride, 124. 
Tetrethyl-stibonic chloride, 129. 
Thallic carbonate, 157. 
„ chloride, 157. 
„ nitrate, 157. 
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Thallic oxide, 157. 

„ perchioride, 157. 
„ peroxide, 157. 
„ sulphate, 157. 
,, sulphide, 157. 
ThaUium, 157. 
Thick letters, use of, 16. 
Tin, 108. 

Stannic acid, 108. 
„ anhydride, 108. 
„ chloride, 108. 
„ oxide, 108. 
„ sulphide, 109. 
Stannous cmoride, 108. 
„ hydrate, 108. 
„ oxide, 108. 
,, stannate, 109. 
„ sulphate, 109. 
„ sulphide, 109. 
,, sulphostannate, 109. 
Tin, compounds of, 108. 
Tincal, 56. 
Titanic acid, 110. 
„ anhydride, 110, 
oxide, 110. 
sulphide, 110. 
tetrachloride, 110. 
Titanium, 110. 

„ compounds of, 110. 
Titanous oxide, 1 10. 
Topaz, 180. 
Triad compound radicals, 27. 

„ elements, 52, 178. 
Triads, definition of, 20. 

list of, 32. 
Triamylstibine, 132. 
Triatomic molecules, 3, 19. 
Triethylstibine, 132. 
Triethylsulphine iodide, 71. 
Trimercuric diamide, 174. 
Triphylline, 166. 
Triple phosphate, 123. 
Trisodic phosphate, 123. 

„ sulphophosphate, 118. 
Trititanic tetranitri^, 110, 
Trivial names, 8. 
Turpeth mineral, 172. 

Union, molecular, 30. 
Use of signs, 16. 

„ of the bracket, 16. 

„ of the crith, 35, 
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Use of thick letters, 16. 

Valentinite, 135. 

Variation of atomicity, apparent, 20. 

„ law of, 21, 

Varieties of carbon, 58. 

„ sulphur, 72. 
Varvicite, 193. 
VermUion, 172. 
Vivianite, 123. 
Vitriol, lead, 186. 

„ ochre, 198. 
Volume, molecular, 2, 3, 
Volumes, 3, 

„ law of, 3. 

Water, 44. 

„ of crystallization, 30, 44. 
Wavellite. 123. 
Weight, atomic, 2. 

„ measures of, 34. 

., molecular, 2. 
Weights and measures, 32. 

„ atomic table of, 0. 
Wernerite, 181. 
White arsenic, 126. 

compound of Keiset, 183. 
lead ore, 187. 
oxide of arsenic, 12G. 
Willemite, 106. 
Witherite, 160. 
Worthite, 181. 

XenoHte, 181. 

Yorke's diplumbic dihydrate carbo* 
nate, 187. 
„ sodic silicate, 106. 

Zinc, 168. 

„ blende, 168. 

„ compound of, with oxygen,169. 
„ glass, 169. 
Zincic carbonate, 168, 170. 

chloride, 168. 

hydrate, 168, 170. 

oxide, 168, 169. 

sulphate, 170. 

sulphide, 168. 
Zincide, antimonious, 132. 
Zincoxyl, 28. 
Zircon, 106. 
Zoisite, 180. 
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By William Tkynne Lynn, B.A. Lond., A.K.C., F,R.A,S., of the 

Royal Observatory, Greenwich, Fcap. 8vo, price Si. 

■• A smiU nnd ■tll-wroaght book. A p«™n hmins throe bookn of Bndid, aod Oo 
coDimanrrflt algebra, and hho wSiiitfl eomfl msl^ht into the naj of applying matheowtJiB 
lo |i];yHin, "ill Dnd here jaot what he wauti."— -^fApjuFum, Nor. 14, 1& 
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